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PREFACE. 


T has long been a matter of ſurprize 
to thoſe who are intereſted in the 
education of youth, that, among the nu- 
merous publications intended for their 
improvement, fo few attempts have been 
made to facilitate the ſtudy of Aſtronomy. 
Many excellent treatiſes have been 
written on this important and uſeful 
{cience; but if it be conſidered that they 
abound with technical terms, unintelli- 
gible to juvenile minds, it cannot be ex- 
pected that they ſhould derive any great 
advantage from the peruſal of them. 

To remove theſe difficulties, the Au- 
thor has endeavoured, whenever he had 
occaſion to uſe them, to give ſuch illuſ- 
trations as to leave no doubt on the young 
A 2 ſtudent's 
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ſtudent's mind reſpecting their true mean- 
ing. | 


calculated for dialogues, which are cer- 
tainly more agreeable as well as more 
perſpicuous to young perſons, than the 
diſcouraging formality of a treatiſe. And 
it is preſumed the language will be found 
natural and eaſy. 

In the order he has choſen, he has been 
careful not to introduce any thing new, till 
the former part, on which it depends, has 
been clearly explained. 

On the whole, it has been his aim to 
render it as conciſe and plain as the na- 
ture of the ſubje& will admit; and he 
flatters himſelf, that at a time when the 
ſciences are ſo univerſally ſtudied, the in- 
troduction now offered to the public will 
not be unacceptable. 


C ON- 


The ſubje& appeared to him to be beſt 
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DIALOGUR Il. P. I: 


Introduction. Definition. The ſun and planets. 


A globe defined. Sun's diſtance and magni- 
tude. Planets, what; their names, periods, 
and diſtances from the ſun; their magnitudes, 
compared with the earth; called inferior and 
ſuperior, why. Comets; derivation of their 
name. Solar ſyſtem; why fo called. 


DiaLocvt II. - p. 10. 


Different ſyſtems explained. Planets appear like 


ſtars; they ſhine by reflection; how known 
from ſtars; they never twinkle, why. Stars 
ſhine with their own native light; their in- 
conceivable diſtance; are ſuns, the centers of 


other ſyſtems. Plurality of worlds. 


DraLocve III. p. 20. 


The earth has the appearance of a ſtar to Venus. 


Remote objects appear at equal diſtances from 
us. Our earth is a moon to the moon. The 
4 3 orb 
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orb of the moon viſible ſoon after the change; 
her diſk and bulk compared with the earth ; 
her mean diſtance. Sun's diſk compared with 
hers. Our ſun a ſtar, if ſeen from a planet of 
another ſyſtem. Stars as far from each other 
as the neareſt is to us. Stars diſtinguiſhed by 
their apparent magnitude. The Milky Way 
innumerable ſtars. Number of ſtars viſible 
at one time to the naked eye. 


DiaLtocve IV. - - pi. 29. 


Stars divided into conſtellations ; receſſary for 
aſcertaining the ſituation of the planets, and of 
the ſtars with each other. Planets motion re- 
gular if ſeen from the ſun; irregular as ſeen 
from the earth, the motion being ſometimes 
direct, ſometimes retrograde; at others they 
appear ſtationary. Superior and inferior con- 
junction, and oppolition, what. Venus has the 

different pliaſes of the moon. Planets, how 

diſtinguiſhed from each other. 


DiaLocve V. - - Þ. 39. 


Ecliptic, what. Inclination of the orbits of the | 
planets. Nodes of the planets, what. A plane, | 
what. Planets move in unbounded fpace. 
Mercury and Venus ſeen on the ſun's diſk. 

Number of ſigus in the zodiac. Zodiac, what. 
A de- 


a = 
A degree, what. Names of the ſigns. Num- 
ber of degrees in each ſign. Sun's place in the 
ecliptic, Table of ſigns, their characters, &c. 
To find the ſun's place in the echptic for any 
day in the year, 


DiaLtocuve VI.: - + Þ. 50. 


The orbits of the planets are not true circles, 
but ſomewhat elliptical. Perihelion, aphelion, 
and mean diſtance, what. Attraction, what. 
Laws of attraction. Attraction of gravitation, 
its effects. Simple motion rectilineal. At- 
tractive or centripetal, and projectile or cen · 
trifugal forces, what. 


DiaLocve VIL. - - - p. 61. 


Bodies moving in circles have a tendency to fly 
off. Planets kept in their orbits by the joint 
action of the centripetal and centrifugal forces; 
they deſcribe equal areas in equal times. Or- 
bits of the comets very elliptical. The earth in 
its perihclion in December. Equation of time. 
Center of gravity, what; ſun and planets move 
round it. Sun the center of the ſyſtem. - 


Dratocvs VIII. p. 73. 


The earth revolves on its axis. Cauſe of day and 
night, The motion of the earth fo uniform 
as 
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as not to be perceived. The apparent motion 
of the ſun cauſed by the earth's motion on its 
axis. An objection to the earth's motion an- 6 
ſwered. The fun and fome of the planets re- 
volve on their axes. Atmoſphere, what ; cauſe 
of twilight. Horizon, hat; the ſun and moon 
appear largeſt ncar the horizon, why; they ap- 
pear above the horizon when below it; cauſed j 
by refraction ; proved by experiment, 


D1aLoeve IX. pi. 87. 


Inclination of the earth's axis. An angle, what. | 
The poles, what. EquinoRial, what. Earth's 


paralleliſm deſcribed. The axis of the earth 
points to the ſame parts of the heavens. Equa- 
tor, ecliptic, tropics, polar circles, and meri- 
dians, explained. Difference of time between 
places lying under different meridians. Lon- | 
gitude, what. How to reduce longitude to time, \ .Þ 
and time to longitude. Latitude, what. | 


DiAaLocve X. - - p. 101. 


The ſeaſons. Vernal and autumnal equinoxes. F 
Days and nights always equal, if the axis of the '' 
earth were perpendicular to the plane of its or- i 
bit. Seaſons occaſioned by the inclination of | 
the earth's axis. Seaſons continued. Days and 
nights equal at all times under the equator. 

The 


11 
The ſun above the horizon of the poles ſix 
months; and ſix months below them alter- 
nately, ſo that they have but one day and one 
0 night in the year; the longeſt day under the 
polar circles is twenty-four hours. Ihe fun 
riſes on different points of the compaſs at dif- 
ferent ſeaſons of the year. Twilight in the po- 
lar regions of long duration. We are neareſt 
F / the ſun in winter, yet it is our coldeſt ſeaſon, 
why. The earth divided into zones; proved 
to be globular, but is not a true ſphere. 


| DriaLocve XI. pi. 120. 


cal revolutions. Her phaies. Has always the 

ſame ſide to the earth, and makes a revolution 

on her axis every Junation, Has mountains 

and valleys, but no feas nor atmoſphere; yet 

may be inhabited. Her real and apparent mo- 
3 tion d-ſcribed. Eclipſes. Of the ſun; total 
and partial eclipſes. Digit, what. Eclipſe of 
the moon. Penumbra, what. Central and 
total eclipſe, Why we have not an eclipſe at 
every full and change of the moon. She does 
not always riſe with the ſun at change; nor 
| when he ſets at full. She is viſible when to- 


tally eclipſed. 


( The moon. Her diameter, ſynodical and periodi- 
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DraLtocve XII. - - - p. 136. 


Tides. Occaſioned by the attraction of the ſun 
and moon, and their centrifugal forces ; exem- 
plified by an experiment. Spring and neap 
tides. Tides not higheſt directly under and 
oppoſite the moon, but after ſhe has paſſed 
the meridian. They are later and later every 
day. Rule for finding the proportional mag- 
nitudes of the planets compared with the earth; 
or the proportion that one globe bears to ano- 
ther. A cube number, what. Table of roots, 
ſquares, and cubes; an example. Rule for 
finding the mean diſtances of the planets from 
the fun. Dr. Turner's rule for extracting the 
cube root; an example to explain the rule. 
Example to find the mean diſtance of Mercury 


from the ſun. Table of diameters, &c. Con- 
cluſion. 


} DIALOGUE 


DIALOGUE I. 


TV TOR, 


ELL, Sir! I ſuppoſe this early- 

viſit, is in conſequence of my 
promiſe, and your anxiety to become an 
Aſtronomer. 


Pur iL. It is, Sir.—And as Aſtronomy 
is a ſcience of which I have a very imper- 
fect idea, I mult beg of you to explain it 
to me. 


Toros. That I fhall do with plea- 
ſure. But you furely cannot wholly 
forget what I have formerly told you. 
However, as I mean to treat the ſubje& 
as if you had no previous knowledge of 
it, you will have an opportunity from 
what you can recollect, to make fuch 
remarks, and aſk tuch queſtions, as may 
appear molt material to you, 

B PUPIL, 


— 


E 

PupiL. I thank you, Sir, it is juſt 
what I wiſh. 

Tu rox. By aſtronomy then is meant 
a knowledge of the heavenly bodies, the 
ſun, moon, planets, comets, and ſtars, 
reſpecting their nature, magnitudes, diſ- 
tances, motions, &c. 


PvuP1L. I fear I ſhall find it a difficult 
ftudy. 


Tu rox. Have patience. 


« The wiſe and prudent conquer difficulties 

« By da ing to attempt them. Sloth and folly 

Shiver and ſhrink at ſight of toil and danger, 

* And make the impoſſibility they fear.” 

PvP1L. This gives me encouragement, 
and, if you will have patience with me, 
J will endeavour to profit by your in- 
ſtructions. Pray, Sir, what is the 
tun ? 


Tu rox. The fun, the ſource of light 
and heat, has been conſidered a globe 
of fire, round which ſeven other ſphe- 
rical bodies revolve at different diſtances 
from him, and in different periods of 


time, 


(| 
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time, from weſt by ſouth to eaſt. Theſe 
are the planets *. 


Pveit. Any round ball is a globe, is 
it not ? 

Turok. A Ghote or globe is defined 
a round body, every part of whole ſur- 
face is equally diſtant from a point within 
called its center; and a line drawn from 
one ſide through the center to the oppo- 
fite fide, is called its diameter. 


Pyr iI. You ſay the ſun has been con- 
fidered a globe of fire. Is he not now 
thought to be ſo? 

Turok. + Doctor Herſchel, from 
ſome late obſervations, 1s of a different 
opinion. — But what think you of his 
magnitude ? 


Por fL. I really cannot conjecture.— 
This I know, that when I ſaw him 
through the fog the other day, he. ap- 
peared about the fize of a common 
plate. | 

From nue, roving or wandering. 


+ See his letter read at the Royal Society, Decem- 
ber 18th, 2794+ 
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Turok. You muſt not always judge 
by appearances. You will find that there 
is a material difference between his real 
and apparent magnitude, which I think 
you will be convinced of when I tell you, 
that he is no leſs than 95 millions of 
miles from our earth. 


PvueriLr. Ninety-five millions of miles 
You aſtoniſh me. 

Turok. You will, I dare ſay, be no 
leſs ſurprized at being told, that he is 
more than a million of times as large as 
our earth. 


PvyiL. It is almoſt incredible! And 
what are the planets ? 

Turok. The planets are opaque, that 
15 dark bodies, which receive their light 
from the ſun; and, as I told you, revolve 
about him. The firſt, or that neareſt 
the ſun, is called Mercury, the next Ve- 
nus, then the Earth, Mars, Jupiter, Saturn,, 
and Georgian, or the Georgium Sidus. * 
Theſe are called primary planets. 


Their characters are, 
A Mer. Venus, Earth, Mars, Jup. Saturn, Georgian, 
. Þ 


Br 
Puri. Are there then any others? 
Tu rok. Yes. There are eighteen 
others, which move round their reſpec- 
tive primaries: as their centers, and with 
them round the fun, and are called ſe- 
condaries, ſatellites or moons. 


Pvuerrt. Have all the primaries fecon- 
Uaries ? 

Turok. Only four of them have 
moons, The Earth, I need not tell you, 
has one ; Jupiter has four; Saturn ſeven, 
beſides a ſtupendous ring which ſurrounds 
his body; and Georgian fix. 


PvuPiIL. In what time, and at what diſ- 
tances, from the ſun, do the planets per- 
form their periodical revolutions ? 

Toror. Mercury revolves about the 
ſun in 88 days, at the diſtance of 36 mil- 
hons of miles, | 

Venus, at the diſtance of 68 millions of 
miles, completes her revolution in 224 
days. 

Earth, on which we live, at the diſ- 

B3 tance 
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tance of 95 millions of miles, performs 
its period in one year.“ 

Mars, at the diſtance of 144 millions 
of miles, makes his circuit in little leſs 
than two of our years. 

Jupiter, at the diſtance of 494 millions 
of miles, in near 12 ycars. 

Saturn, at the diſtance of 906 millions 
of miles, in about 30 years. 

Georgian, diſcovered by Dr. Herſchel, 
13th March 1781, performs its period 
at the diſtance of 1812 millions of miles, 
in about 83 years. + 


The motion of the earth in its orbit is at the rate of 
68 thouſand miles an hour. 

+ As the diſtances of te planets, when marked in 
miles, are a burthen to the memory, aſtronomers often 
expre is their mean diſtances in a ſhorter way, by ſup- 
poling the diſtance of the earth from the fun to be di- 
vided into ten parts. Mercury may then be eſtimated at 
four of ſuch parts from the ſun, Venus at ſeven, the 
Earth at ten, Mars at fifteen, Jupiter at fiſty-two fuch 
parts, S2turn at niacty-five, and Grorgian 190 parts. 
Ser Plate I. Fi: 1. 

Theſe are calculated by wmu'tiply ing the reſpective diſ- 
tances of the plinets by 10, aid dividing y gs, the 
mean diitarce of tt earch from tue lun; and may be ſet 
off by ay icate of equa! parts, 

Poi. 
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Pyrit. What proportion does the 
earth bear in magnitude to the other 
planets ? | 

Turo. The earth is fourteen times as 
large as Mercury, very little larger than 
Venus, and three times as large as Mars. 
But Jupiter is more than fourteen hun- 
cred times as large as the earth; Saturn 
above a thouſand times as large, excluſive 
of his ring; and Georgian eighty times 
as large. 

Puri. Have you any thing elſe, Sir, 
to remark concerning the planets ? 

Tu ror. There are ſeveral other things 
I intend to make you acquainted with, 
namely, their nature, appearances, mo- 
tions, &c. At preſent I ſhall only ſay, 
that Mercury and Venus are called“ infe- 
rior planets, their orbits or paths deſcribed 
in going round the ſun, being within that 
of the earth; and the other four, whoſe 
orbits are without the earth's orbit, + ſu- 
perior planets. 

® Perhaps with more propriety i/er'or or inward. 


+ Exterior or cut ward. 
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PuPrt. There is one thing more I with 
to know, if 
Turok. I ſuppoſe you were going to 
ſay if not too much trouble; that is quite 
unneceſſary, as you well know that where 


] ſee a defire to learn, teaching is to me 
a pleaſure. What is it? 


Pvueirt. That you will be fo kind as to 
inform me what the comets are, and if 
they have any motion? 

Turok. The knowledge we have of 
comets is very imperfect, as they afford 
tew obſervations on which to ground con- 
jecture. They are generally ſuppoſed to 
be planetary bodies, forming a part of 
our ſyſtem: for, like the planets, they re- 
volve about the ſun, but in different di- 
rections, and in extremely long elliptic 
curves, being ſometimes near the ſun, at 
others ſtraying far beyond the orbit of the 
outermolt planet ; whereas the orbits of 
the planets are nearly circular.“ The pe- 
riod of one, which appeared in 1680, is 
computed to be 575 years. 


See Plate I. Fig. 2. 
Puri. 
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Pup iL. Whence do they derive their 
name? 

To rox. From Cometa, a hairy ſtar, be- 
cauſe they appear with long tails, ſome- 
what reſembling hair: ſome, however, 
have been ſeen without this appendage, 
as well defined and round as planets. 


Pueit. You ſay our ſyſtem: what am 
I to underſtand by it? 

Tutor. The word ſyſtem, in an aſtro- 
nomical ſenſe, means a number of bodies 
moving round one common center or 
point: and, becaule the planets and co- 
mets revolve about the ſun, it is called 
the Solar Syſtem (Plate I. fig. 2.) and 
we ſay our ſyſtem, as the earth is one of 
the planets. Other ſyſtems have been 
invented for folving the appearances and 
motions of the heavenly bodies, a de- 
ſcription of which I ſhall leave till I next 
fee you. 


DIALOGUE I 


PVP I. 


AM afraid, Sir, I am come before 

you are prepared for me; but the 
very great pleaſure I received yeſterday, 
induced me to be with you as early as 
poſſible. 

Turok. I am glad to fee you, and 
happy to find you are fo well pleaſed with 
your difficult ſtudy.— It will, I affure you, 
give you more exalted ideas of the Deity 
than any that I know of. The Pfalmiſt 
was undoubtedly of this opinion when he 
faid, © The Heavens declare the glory of 
Gov, and the Firmament ſheweth His 
handy work.“ 


PoriI. I will no longer call it a diffi- 
cult, but a pleaſing ſtudy, and feel myſelf 


aſhamed at having uſed the expreſſion. 
I ſhall 


. —— 
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I ſhall now beg you to explain to me the 
different ſyſtems. 

Toros. The ſyſtem IT have been de- 
ſcribing to you was known and taught 
by Pythagoras, a Greek philoſopher, who 
flouriſhed about 500 years before Chrilt, 
as he found it impoſſible, in any other 
way, to give a conſiſtent account of the 
heavenly motions. 

This ſyſtem, however, was ſo extremely 
oppoſite to all the prejudices of ſenſe and 
opinion, that it never made any great 
progreſs, nor was ever widely ſpread in 
the ancient world, 

Ptolemy, an Egyptian philoſopher, 
who flouriſhed 130 Years after Chriſt, 
ſuppoſed that the earth was fixed in the 
center, and that the fun and the reſt of the 
heavenly bodies moved round it in twenty- 
four hours, or one natural day, as this 
ſeemed to correſpond with the ſenſible 
appearances of the celeſtial motions. 
This ſyſtem was maintained from the 
time of Ptolemy to the revival of learn- 
ing in the ſixteenth century. 

B 6 At 
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At length, Copernicus, a native of 
Poland, a bold and original genius, 
adopted the Pythagorean ſyſtem, and 
publiſhed it to the world in the year 
1530. This doctrine had been ſo long 
in obſcurity, that the reſtorer of it was 
conſidered as the inventor. 

Europe, however, was ſtill immerſed 
in ignorance; and the general ideas of 
the world were not able to keep pace with 
thoſe of a refined philoſophy. This oc- 
caſioned Copernicus to have few abettors, 
but many opponents. Tycho Brahe, in 
particular, a noble Dane, ſenſible of the 
defects of the Ptolemaic ſyſtem, but un- 
willing to acknowledge the motion of 
the earth, endeavoured, about 1586, to 
eſtabliſh a new ſyſtem of his on; but, 
as this proved to be ſtill more abturd 
than that of Ptolemy, it was ſoon ex- 
ploded, and gave way to the Copernican 
or true Solar Syſtem. 


Pvueir, Iconfeſs, I ſhould have thought 


See Plate I, Fig. 2, | 
| with 
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with Ptolemy, that the earth was in the 
center, and that the ſun moved round it. 
Turok. You mult at preſent content 
yourlelf with knowing that it is not ſo; 
and it ſhall be my buſineſs to prove it. 


Pur tl. May I beg the favour of the 
information you intended reſpecting the 
planets ? 

Toros. I will grant it with pleaſure, 
The planets are ſpherical bodies, which 
appear like ſtars, but are not luminous; 
that is, they have no light in themſelves; 
though they give us light ; for they ſhine 
by reflecting the light of the fun. 


Pvuyetir. You fay, Sir, that they appear 
like ſtars; if fo, how am I to know them 
from ſtars ? | 

To ron. Very eaſily ; for the ſtars, or 
as they are more properly called fixed 
ſtars, always keep the ſame fituation with 
reſpect to each other; whereas the planets, 
as they move round the fun, maſt be con- 
tinually changing their places among the 
fixed ſtars, and with one another. 


& PUPIL, 


1 


Portr. Is there any other method of 
diſtinguiſhing them beſides what you have 
mentioned? 

Turok. Yes. The planets never 
twinkle like the fixed ſtars, and are ſeen 
earlieſt in the evening and lateſt in the 
morning. 


Pueirt. How is the twinkling of the 
ſtars in a clear night accounted for? 

Tv ro. It ariſes from the continual 
agitation of the air or atmoſphere through 
which we view them; the particles of air 
being always in motion, will cauſe a 
twinkling in any diſtant luminous body, 
which ſhines with a ſtrong light. 


Pueit. Then, I ſuppoſe the planets 
not being luminous, is the reaſon why 
they do not twinkle. 

Turok. Moſt certainly. The feeble 
light with which they ſhine is not fuffi- 
cient to caule ſuch an appearance. 


Pvueir. Have the ſtars then light in 

themſelves ? 
Turok. They undoubtedly ſhine with 
their 


- 


bs he 

| their own native light, or we ſhould not 
ſee even the neareſt of them: the diſ- 
tance being ſo immenſely great, that if a 
cannon- ball were to travel from it to the 
ſun, with the ſame velocity with which it 
left the cannon, it would be more than 
1 million, 868 thouſand years, before it 
reached it.* 


| Pu pT. This is wonderful indeed! what 


: 
| 
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then are they ſuppoſed to be ? 
| Turo. Suns. 
a | PupiL. Suns! the fixed ſtars ſuns ! 
Tu rok. Yes, ſuns. 
| | « One ſun by day, by night ten thouſand ſhine.” 


And what will increaſe your aſteniſh- 
ment, each of them is the center of a ſyſ- 
tem of planets, which move round him.+ 


„ The diſtance of Syrius is 18,717,442,690,526, 
miles. A cannon-ball going at the rate of 1143 miles 
an hour, would only reach the ſun in about 1,868, 307 
years, 88 days. 

Adam's Lectures, vol. 4. p. 44- 


; + Dr. Herſchel ſays, that in ſome cluſters of ftars he 
has obſerved, they appear too cloſe together to admit any 
planets to revolve about them, 
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« Obſerve 
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© Obſerve how ſyſtem into ſyſtem runs, 
% What other planets circle other ſuns,” 


Poeirt. I am almoſt loſt.— I uſed to 
think they were deſigned to give us 
light. | 

Tu rox. This is a vu'gar error.—They 
were doubtleſs created for a much nobler 
purpoſe, ſince thouſands of them are in- 
viſible to us without the help of a tele- 
ſcope; and we receive more light from 
the moon than from all the ſtars together. 


Purit., How do you know they are 
ſuns ? Is their being luminous a proof of 
their being fo ? 

Turok. No. But we know that the 
ſun ſhines with his own light on all the 
planets belonging to our ſyſtem; and from 
what I have told you, have the greateſt 
reaſon to believe that the ſtars ſhine with 
their own light: we therefore from ana- 
logy conclude, that they are ſo many ſuns 
conveying light and heat to other worlds“. 


PvueiLt. Are there then other worlds 
beſides this we live in? 


* Dr. Herſchel] thinks it probable that the ſun and 
fixed ſtars may be inhabited, 
| Turo. 
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Tu ro. Confider.— Has not the earth 


we inhabit a moon to enlighten it? 
Pveir. Yes, Sir. 


To rox. And have I not told you that 
Jupiter, Saturn, and Georgian, have allo 
moons ? 

PvuPiL. This I well remember. 


To rox. For what purpoſe then do 
you ſuppoſe thoſe orbs were deſigned ? 
PupIL. Indeed, I cannot tell. 


To rox. You ſurely cannot imagine 
that they were intended for our uſe, fince 
we knew nothing of them till after the 1n- 
vention of teleſcopes. 

Pup t. That is what I think no one 
can ſuppoſe. 


Tu ro. And do not all the planets en- 
joy the benefit of the ſun in common 
with us ? 


Pueit. Undoubtedly. 


Turok. Well, then; of what uſe 
would the light and heat be which is con- 
veyed to them from the ſun; or the light 

ry which 
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which they receive from their moons if 
there are no inhabitants ? 
Pur IL. I know of none. 


Tv ror. Can you then have any doubt 
about their being inhabited? 

Porr. No, Sir.—But you ſay that the 
ſtars are ſuns, each of which is the center 
of a {yſtem of planets or worlds. 


Turok. If you are fatisfied that the 
planets belonging to our ſyſtem are inha- 
bited, and that the fixed ſtars are ſuns, 
the centers of other ſyſtems, what reaſon- 
able objection can you have to all the 
planets in the univerſe being to ? 

PueiL. It is what I cannot compre- 
hend. 


To rox. It may be ſo.— But is not the 
ſame Almighty Power, who does nothing 
in vain, as capable of making ten thou- 
ſand worlds if he pleaſed, as well as one ? 


PueiL. I will not prefume to diſpute 
his power; but are we not told that all 
mankind delcended from Adam? 


Tou rag. 


„ 


Tu ron. Yes; Moſes wrote concerning 
this earth, he has not made us acquainted 
with the inhabitants of the other planets : 
for auglit we know they might deſcend 
from other Adams. To- morrow evening 
I hope to ſce you again, 


DIALOGUE UI. 
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Recollect, Sir, you mentioned laſt 
night, that the planets appear like 
ſtars. Our carth is a planet; how can it 
have the appearance of a ſtar ? 
Tou rox. If you were on the planet 
Venus, the earth would have as much the 
appearance of a ſtar as Venus has to us. 


Puri. But Venus appears amongſt 
the fixed ſtars. 


Turos. Yes. And ſo would the earth 
appear from Venus. 


PupIL. How can it be? 

Tu ron. Becauſe, in whatever part of 
the univerſe we are, we appear to be in 
the center of a concave, that is hollow, 
ſphere, where remote objects appear at 
equal diſtances from us: ſo that, whether 

0 


„ 
ve are on the planet Venus or on the 


earth, iu this particular the effect will be 
the ſame. 


Puri. Then the light we receive from 
the ſun is by reflection conveyed to the 
other planets. 

Turok. No doubt of it. And our 
earth appears as a moon to the inhabi- 
tants of the moon, and undergoes the va- 
rious changes of that planet. 


Puri. Have you any proof of this, 
Sir ? 

Tu rox. Nothing can be clearer ; for, 
on a fine evening, foon after the- change 
oft the moon, when the earth appears 
nearly as a full moon to the moon, and 
we ce a faint ftreak of light, the whole 
diſk or face of the moon 1s viſible to us. 


PuP1L. I remember to have feen it. 

Turok. You do?—The earth then 
will appear there thirteen times as large 
as the moon does to us; of courſe it muſt 
reflect a ſtrong light on the body of the 
moon; and it is by that light we ſee that 


part 
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part of the moon which is turned from 
the ſun. 


Pupit. Is the earth, then, only thir- 
teen times as big as the moon? 

Tu rox. In ſolidity it is about fifty 
times as large; but its diſk is only thir- 
teen times. 


Poi. What is the moon's diſtance 
from the earth ? 

To rok. 240 thouſand miles, which is 

about 400 times leſs than that of the 


ſun. 


Pvue1r. And yet ſhe appears as far 
diſtant as the ſun. 

Turok. You are now, I hope, con- 
vinced of what I faid relative to diſtant 
objects. 

Pur iL. I am, Sir: and I ſuppoſe the 
reaſon of the moon's appearing as large as 
the ſun, is becauſe ſhe is ſo much nearer 
to us. 

Tv ron. It is 1o.—For, at a total 
eclipſe of the fun, which happens when 


the moon is in a Tight line between the 


ſun 


D 224 „% ˙— — 2 


| 
. 
k 


(23 J 

fun and the earth, the fun is obſcured 
from our fight, although his diſk is 160 
thouſand times as large as that of the 
moon. In like manner would the moon, 
when at full, be hid by placing a mar- 
ble in a line between your eye and 
her, yet, you know, the marble is not fo 
large as the moon; but being nearer the 
eye, it is apparently ſo. 


Po pIIL. This is very clear. But 
Tu rok. I conjecture you were going 


to aſk me to explain the nature of 
eclipſes. | 


Pvueirt. That was certainly my inten- 
tion, Sir. 

Tu ron. There are other things you 
muſt be made acquainted with before you 
will be able to comprehend it, and which 
I will endeavour to make you underſtand 
before we enter on the ſubject. 


PopiL. Whenever you pleaſe, Sir 

Tu rox. You have taken a view of 
the earth from the planet Venus.—Sup- 
poſe I tranſport you to one of the planets 


belonging 
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Belonging to another ſyſtem ; what de- 
ſcript ion do you think you ſhould give of 
it ? 


PveiL. I muſt confider. What I now 
call a ſtar would be a fun. The planets 
of that ſyſtem I ſhould ſee as I now do 
thoſe belonging to ours: our ſun would 
be a ſtar; and the earth, with all the 
other planets, would be inviſible. 

Turok. Very well, Sir. Can you 
then find it difficult to conceive that all 
the ſtars are as far from each other in 
unbounded ſpace as our ſun is from the 
neareſt ſtar ? 


PuPiL. It is hard to conceive: but 
when I confider that wherever I am, 
every remote object appears at an equal 
diſtance from me, the difficulty vaniſhes. 

Turok. That you might form ſome 
idea of the immenſe diſtance of the fixed 
ſtars, you muſt recollet, I mentioned 
the time a cannon-ball would be in reach- 
ing the neareſt of them. 


PuPpIL. 
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Pvueit. I do, Sir. More than 1, 868, ooo 
years. 
TuTor. You have an excellent me- 
mory. I ſuppoſe then you know the 
diſtance of the earth from the ſun ? 


Pvupi1L. Yes, Sir. I wrote it down; 
and, it made ſo ſtrong an impreſſion on 
my memory, that I believe I ſliall never 
forget it.—95 millions of miles. 


Turok. Now, ſuppoſe the earth to be 
in that part of its orbit which is neareſt 
to the ſtar, it would be 95 millions of 
miles nearer to it than the ſun is. 

Portr. Certainly. 


TuTor. And, in the oppoſite fide of 
its orbit, as much farther from the ſtar. 
Pur iL. Without doubt. 


TuTosr. Then you find that the earth 
is 190 millions of miles nearer to the ſtar 
at one time of the year than it is at ano- 
ther; and yet the magnitude of the ſtar 
does not appear the leaſt altered, nor is its 
diſtance affected by it. 

C PUPIL, 


Pue1t. A proof of its amazing diſ- 
tan ce.— I was going to aſk a filly quel- 
tion. 

Turok. What is it? perhaps not ſo 
ſi mple as you may imagine. 


Pri. Whether the moſt conſpicuous 
ſtars are not ſuppoſed to be the neareſt to 
us ? 

Tv rox. Undoubtedly.— And are call- 
ed ſtars of the firſt magnitude; the next 
in ſplendor, ſtars of the ſecond magni- 
tude; and ſo on to the ſixth magnitude; 
ü and thoſe beyond, which are not viſible 


to the naked eye, are called teleſcopic 
| ſtars. 


Pur iL. The diſtance of the teleſcopic 
ſtars muſt be great indeed, beyond all 
conception. 

Turok. You judge rightly ; and their 
mumbers are beyond all computation. 
Doctor Herichel ſays, he has not a doubt 
but that the broad circle in the heavens, 
called the Milky Way, 1s a moſt exten- 
five ſtratum of ſtars, he having diſco- 


vered 
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vered in it many thouſands. Beſides, 
ſome ſtars appear to him double, others 
treble, &c. not that they are really ſo, 
but are ſtars at different diſtances from 
us, which appear nearly in a right line. 

« As in the milky-way a ſhining white 

« Oferflows the heav'ns with one continued light, 

% That not a fingle ſtar can ſhew his rays, 

«© Whilſt juintly all promote the common blaze.” 

Pvue1L. I have heard of numbering 
the ſtars; but that I find is impoſſible. 

Tou rok. If you mean that immenſe hoſt 
of ſtars I have been deſcribing, it 1s im- 
poſſible: yet, by indefatigable induſtry, 
Lalande has determined the poſifions of 
more than 40,000. This number will 
appear prodigious when you are told that, 
in a clear winter's night, without moon- 
ſhine, not more than a thouſand can be 
ſeen at a time by the naked eye. 


PuP1L. It does indeed. —But I am 
much ſurprized to find that ſo few are 
viſible to the naked eye, as they appear to 
be many thouſands. 

Toros. It is true, they ſeem to be in- 

C8 numerable, 
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numerable, which is owing to their ſtrong 
ſparkling, and our looking at them in a 
confuſed manner; but when the whole 
firmament is divided, as it has been done 
by the ancients, their apparent number 
may be eaſily aſcertained. 


Porr. Pray, Sir, how did the Ancients 
divide the firmament ? 

Tutor. I would willingly anfwer 
your queſtion ; but, as I find I ſhall not 
have time to give you that information 
I wiſh, I ſhall poſtpone it till I fee you 
to-morrow evening, 


DIA- 
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DIALOG U B IV, 


Toros. 


HE Ancients, in reducing aſtronomy 
to a ſcience, combined the fixed 
ſtars into conſtellations, allowing ſeveral 
ſtars to make one conſtellation“: and, for 
the better diſtinguiſhing and obſerving 
them, they reduced the conſtellations to 
the forms of animals, or to the images of 
ſome known things, by which means they 
were enabled to ſignify to others any par- 
ticular ſtar they meant to notice. Job 
mentions two of the conſtellations, name- 
ly, Orion and Pleiades, which ſhews the: 
ſtudy of aſtronomy to be very ancient. 


Stars not included in any conſtellation are called un- 
fermed ftars : and cluſters of ſtars of a cloudy appear - 
ance are termed zebule. | 


C 3 PuepIL. 
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Por iI. Pray, Sir, how may I know 
them ? F 
Tu rox. By ſtudying the uſe of the 
celeſtial globe, on which they are drawn. 


Porr. Will you be kind enough to 
inſtru& me, Sir? 
Turok. At ſome future time I proba- 
bly may: at preſent you are not prepared 
for it. 


Puri. I am fatisfied —Have you 
any thing more to remark of the con- 
ſtellations, Sir? 

Turok. Yes. The ſituation of the 
planets, as they are continually chang- 
ing their places, could not be pointed out 
without firſt dividing the ſtars into con- 
ſtellations: hence, neceſſity was the mo- 
ther of invention. 


PuerL. And I think a very ingenious 
one.—If I may be allowed a compariſon, I 
will ſuppole the different kingdoms of the 
world on my diſſected map, to repreſent 
ſo many conſtellations; then, it I hear of 
London, I know it is in England; if of 

| Paris, 


| 
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Paris, in France; of Liſbon, in Portu- 
gal, and ſo on. Theſe I would compare 
with ſtars of the firſt magnitude, being 
the chief cities of their reſpective king- 
doms ; inferior cities, ſtars of the ſecond 
magnitude principal towns of the third, 
Kc. 

Tu ron. A very apt compariſon indeed. 
Now if you hear of a traveller ſetting off 
from London to Dover, thence to Ca- 
lais, Paris, Bern, and ſo on to Rome, 
you know that he muſt go through part 
of England, Flanders, France, Switzer- 
land, and Italy, paſſing many towns and 
villages on his way. 

PuP1L. That is very evident. 


Tv rox. Very well, then; in like man- 
ner would the planets, if ſeen from the 
ſun, be traced from ſtar to ſtar, from con- 
ſtellation to conſtellation, through their 
whole periods. 


Pvp1L. It is not poſſible to view them 
from the ſun, ſurely, is it? 
Turok. No, certainly. 
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Puri. Why then do you fay if feen 
from the ſun ? 

Tu rok. Becauſe it is there only their 
motions can appear uniform; as ſeen 
from the earth they apparently move very 
irregularly,—Suppoſe you were in the 
center of a circular courſe; and, whilſt a 
horſe was going round, you kept your 
cye on him: cannot you concelve that 


you ſhould fee him run round the courſe 


in a regular manner, moving the whole 
time the ſame way ? 

Pur iI. It is not at all difficult to con- 
ceive. 

Tu rox. Again. Imagine yourſelf 
placed at a conſiderable diſtance on the 
outſide of the courſe, where you could 
ſee the horſe the whole time he was go- 
ing round, would he appear to move as 
uniformly as before ? 

Pur i. Certainly not: on the oppoſite 
fide of the courſe his motion would be 
the ſame as when I ſtood in the center 
of it; when he was approaching me, I 
ſhould ſcarcely fee him move; in that 


part 
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part of the courſe next to me he would 
inove 1n a direction contrary to what he 
did at firſt; and again when going from 
me, his motion would be ſcarcely viſible. 

Tu rox. This I think will give you a 
tolerable idea of the irregular motion 
of the inferior planets, as ſeen from the 
earth. When fartheſt from us their mo- 
tion is ſaid to be direct; when neareſt to 
us retrograde, becauſe they appear to be 
moving back again; and, when ap- 
proaching, or going from us, we ſay they 
are ſtationary; becauſe, if then obſerved 
in a line with any particular ſtar, they will 
continue fo for a conſiderable time: now 
theſe appearances could not happen if: 
they moved round the earth. 

Pue1L. Nothing can be plainer: for 
if the earth were in the center we ſhould. 
always ſee them move the ſame way. 

Tu ron. When the planet is neareſt to 
us, that is, in a line between us and the 
fun, we fay it is in its inferior conjuc- 
tion; when fartheſt from us, and the ſun 
is between us and the planet, in its ſu- 

Cs perior 
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perior conjunction. But the ſuperior 
planets have alternately a conjunction and 
an oppoſition. 


Pve1r. A conjunction, I ſuppoſe, when 
the fun is between the earth and the pla- 
net, and an oppoſition when the earth is 
between the fun and the planet; that is, 
when the planet is neareſt to us, and 
appears to be oppoſite to the fun ? 

Toros. You are right.— Therefore, 
when in conjunction it riſes and ſets, 
nearly with the fun; but in oppoſition, | 
it riſes nearly when the ſun ſets, and ſets | 
when he nies. 


Pur iI. Why do you ſay nearly, Sir? 

Turok. Becaule it cannot be exactly, 
but when the ſun, earth, and planet are 
in a right line, which ſeldom happens. 


Puri. How do you account for this, 

Sir? | 
Toros. At preſent I fear you will not 
be able to comprehend what I wiſh to ex- 
plain, as I muſt uſe a term you are unac- 
quainted with. The reaſon is, that the 
planets 
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planets are very ſeldom in or near their 
nodes at their conjunctions or oppoſi- 
tions. 


Pvoeir, I do not indeed underſtand 
what you mean by the word nodes. 
Toro. It will be explained to you in 
due time, and I ſhall conclude this even- 
ing with a few more remarks relative to 
the appearance of the planets. 


Pueit. Any thing you pleaſe, Sir. 


Tu rox. You know that the planets, 
being opaque bodies, receive their light 
from the (un; and that only that part 
which is turned to the ſun can be en- 
lightened by him, whilſt the oppoſite fide 
muſt remain in darknels. 

Pur. This is ſelf-evident : if I hold 
my ball to the candle, it will have the 
ſame effect. 


Tu rox. Tell me then how you think 
they will appear as ſeen from the earth. 


Pvue1r. If, when you ſhewed me Venus, 


ſhe had not appeared perfectly round, I 
C 6 ſhould 
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ſhould fay that, both before and after 
her ſuperior conjunction I ſhould fee 
her nearly with a full face ; when ſtation- 
ary, only balf enlightened, like the moon 
at firſt quarter; becauſe, an equal por- 
tion of the dark and bright parts will be 
turned towards us; the bright part will 
be decreaſing till her inferior conjunction, 
when the dark fide will be turned to- 
wards us, and conſequently inviſible ; 
the light will then increaſe ; and, when 
| ſhe is again ſtationary, the will appear 
like the moon at laſt quarter. 

Tu rox. When ſeen througha teleſcope 
ſhe has the different appearances you have 
mentioned; and when I next ſee you | 
will ſhew you that both Venus and Mer- 
cury may ſometimes be ſeen when in 
their inferior conjunctions; the ſuperior* 
planets always appear with nearly a full 


Puyprt. How are the planets diſtin- 
guiſhed from each other ? 


4 Turok. 
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Turok. Mercury, from his vicinity to 
the ſun, is ſeldom ſeen, being loſt in the 
ſplendor of the ſolar brightneſs. When 


ſeen, he emits a very bright white light. 


Venus, known by the names of the 
morning and evening ſtar, is the brighteſt, 
and to appearance, the largeſt of all the 
planets ; her light is of a white colour, 
and ſo conſiderable, that in a duſky place 
the projects a ſenſible ſhade. She is vi- 
fible only for three or four hours in the 
morning or evening, according as the is 
before or after the ſun. 


Mars is the leaſt bright of all the 
planets. He appears of a duſky reddiſh 
hue, and much larger at ſome periods 
than at others, according as he is nearer 
to, or farther from us. 

Jupiter is diſtinguiſhed by his peculiar 
magnitude and light. To the naked eye 
he appears almoſt as large as Venus, but 


not altogether ſo bright. 
Saturn 


TP 

| Saturn ſhines but with a pale feeble 

light, leſs bright than Jupiter, though lets 
ruddy than Mars. 

The Georgian Sidus cannot be readily 

perceived without the aſſiſtance of a te- 


leſcope. 
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DIALOGUE V. 


TvTOR. 


B EFORE I proceed to explain what 

I promited you, it is neceſſary you 
ſhould be informed that the earth as ſeen 
ſrom the ſun, in its periodical revolutions, 
will deſcribe a circle among the ſtars 
which aſtronomers call the ec/iptic, and 
ſometimes the ſun's ganual path, becauſe 
the ſun, as ſeen from the earth, always 
appears in that line. 


Pvueir. Do not all the planets move 
in the ecliptic ? 

Tu rox. No.—On account of the 
obliquity of their orbits, they are, in 
every revolution, one half of their pe- 
riods above the ecliptic, and the other 
half below it. 

PupIL. 
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Puri. 1 think I comprehend your 
meaning; but ſhall be obliged to you, 
Sir, if you can make it clearer to me. 

TvurTor. I have here a little deſign, 
(Plate II. Fig. 1.) which will anſwer 
our purpoſe : where S repreſents the ſun ; 
ABC D, the orbit of the carth; and 
EFG H, the orbit of one of the inferior 
planets, ſuppoſe Venus. 

Pueit. Now I underftand it per- 
fectly: the half E HG riſes above, and 
the other half E FG finks below it, from 
the points E G, which I perceive are in 
a line with the orbit of the earth. But 
pray, Sir, have you any name for that 
dotted line? 

Turok. Yes, it is called the ne 
of the nodes; and the points EG the 
nodes of the planet; the latter is called 
the aſcending node, becauſe, when the 
planet is in G, it is aſcending or riſing 


is the ſame thing, above the ecliptic: and 
when in E, it is deſcending or ſinking be- 


node. 


above the orbit of the earth; or, which 


low it, whence # is called the deſcending 


— — 
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node. But you muſt remember that the 
orbits of all the planets do not croſs or 
interſect the ecliptic in the ſame points; 
but that their nodes or interſections are at 
different parts of it. 


Pup. How can the orbit of the 
earth and the ecliptic be the ſame ? 

Turok. They are very different; but 
being in the ſame plane, if the orbit of 
any planet inclines to one it muſt incline 
equally to the other. 


PupiL. You will, I fear, Sir, think me 
very ſtupid : but I muſt beg of you to 
inform me what you mean by a plane ? 

Tutor. Any flat furface is a plane. 
You may therefore ſuppoſe the edge of a 
round tea-table to repreſent the ecliptic, 
and a circle within it, drawn from the 
center of the table, the orbit of the earth: 
will they not be both in the ſame plane? 

PueiL. Certainly. 


Turok. You muſt not imagine, when 
I am ſpeaking to you of the plane of the 


ecliptic, or plane of the earth's orbit, that 
it 
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it is a viſible flat ſurface ; or, in ſpeaking 
of the orbits of the planets, I mean ſolid 
rings.-No. The planets perform their 
revolutions with the utmoſt regularity, 
unbounded ſpace ; and, like a bird, thro' 
the air, leave no track behind them. 


Puri. How then are they retained 
in their orbits ? 

Tyron. The queſtion, I confeſs, is 
natural, and is what I expected; but I 
muſt of neceſſity poſtpone it to another 
opportunity ; and ſhall now fulfil the pro- 
miſe I made of ſhewing you in what 
manner the inferior planets may be ſeen 
when in their inferior conjunctions.— Caſt 
your eye again on the little defign I gave 
you, and conſider, if Venus were in her 
aſcending node at G, when the earth is 
at ö; or, in her deſcending node, at E, 
when the carth is at a, what the effect 
would be. 


Pvuy1L. She would be in a line with 
the ſun. 


Turok. And, on the ſun's diſk, ſhe 
would 


E 
would appear a dark round ſpat, paſting 
over it. Theſe appearances, which are 
called tranfits, happen very ſeldom: be- 
cauſe ſhe is very ſeldom in or near her 
nodes at her inferior conjunctions. There 
was one in June 1761, one in June 1769; 
and the next will be in the year 1874. 
And as Mercury 1s ſeen in the ſame man- 


ner, it is a proof that their orbits muſt be 
within that of the earth. 


Pve1L. I thank you, Sir, and ſhall be 
obliged to you to inform me how many 
conſtellations the earth paſſes over in 
every revolution ? 

Tutor. Twelve, which correſpond 
with the months of the year, and are called 
the twelve ſigns of the zodiac. | 


Puri. What is the zodiac? 
Turok. That part of the heavens 
which contains the twelve ſigns, and which 
you may conceive to be a zone or belt 
extending eight degrees on each fide the 
ecliptic, in which the planets conſtantly 
revolve; ſo that no planet is ever ſeen 
more 
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more than eight degrees either north or 


fouth, that is above or below the eclip- 
tic. 


Pvuy1t. What am I to underſtand by 
a degree? | | 

Tu rok. All circles, whether great or 
ſmall, are ſuppoſed to be divided into 360 
equal parts, called degrees, and each de- 
gree into 60 equat parts, called minutes : 
therefore, if I ſpeak of a circle in thg 
heavens, the circumference of the earth, 
or any other circle, by a degree 15 meant 
the 360th part of that circle; and a mi- 
nute the 6oth part of a degree. 


Pvoyeizt, What are the names of the 
twelve ſigns? 

Turok. The firſt is called Aries, 
which you know fignifies a Ram; Tau- 
rus, the Bull; Gemini, the Twins; Can- 
cer, the Crab; Leo, the Lion; Virgo, the 
Virgin; Libra, the Balance; Scorpio, the 
Scorpion; Sagittarius, the Archer ; Ca- 
pricorn, the Goat ; Aquarius, the Water- 
bearer ; and Pilces, the Fiſhes. 


PvuPlL. 
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Pyr ir. Do you wiſh me to commit 
theſe to memory, Sir ? 

To rox. It is very requiſite; but as I 
know you are fond of verſe, you ſhall hear 
what Doctor Watts fays— 


The Ram, the Bull, the heav'nly Twins, 

And next the Crab the Lion ſhines, 
The Virgin, and the Scales : 

The Scorpion, Archer, and Sea-goat, 

The Man that holds the Water-pot, 
And Fiſh with glitt ring tails. 


Puri. I like it much, as it will aſſiſt 
my memory. 

Turok. As the twelve figns corre- 
ſpond with the months of the year, the 
earth muſt paſs over nearly one degree 
every day, one ſign every month, and in 
twelve months complete a whole circle, 
or 360 degrees; therefore every ſign 
muſt contain 30 degrees, becauſe 30 mul- 
tiplied by 12 is equal to 360. 

PueiL. It muſt be ſo. 


Tu ron. You muſt remember, that 
when the earth is in any ſign, as ſeen from 
the 
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the ſun, the ſun will be in the oppoſite 
ſign, as ſeen from the earth: for inſtance, 
if the earth be in Aries, the ſun will be in 
Libra; if in Taurus, the ſun will be in 
Scorpio, &c. therefore, as by the earth's 
annual motion, the fun appears to move, 
we always ſpeak of the ſun's, not the 
earth's place, in the ecliptic.—You do 
not ſeem to underſtand me? 
Puy1t. Not perfectly, Sir. 


Tu rox. Take this orange, and put it 
in the middle of the round table before 
us, and place an apple on the oppoſite 
ſide next the window: the orange may 
repreſent the ſun, the apple the carth, 
and the window the ſign Aries. Now 
go round the table to the apple ; look at 
the orange, and tell me, to what part of 
the room the eye will be directed. 


Puri. To the part W to the 
window, Sir. 


Turok. If then you ſuppoſe the door, 
which is oppoſite to the window, to be 
the ſign Libra, the ſun will be in Libra 


when 
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when the earth is in Aries—will it 
not ? 


Puetr. It is very plain. 


Turor. I ſhall now give you a table of 
the ſigns, their characters, the correſpond- 
ing months, andet days of the month 
the ſun enters ea!: gn, by means of 
which, if you reckon a degree for a day, 
you may find the ſun's place, nearly, for 
any day in the year. 

PueiL. This will give me much plea- 
ſure, and I ſhall be happy to have it. 


THE LABLE. 


NORTHERN SIGNS. 


Aries, Taurus, Gemini, Cancer, Leo, Virgo, 


Pp — I T5 * * 
Much, April, May, June, July, Aug. 
20, 20, 21, 21, 135 23, 


SOUTHERN SIGNS. 


Libra, Scorpio, Sagittarius, Capricorn, Aqua. Piſces. 


S m 1 log 2 X 
Sept. October, Novem. Decem. Jan. Feb. 
23, 23, 21 21, 20, 18. 


PUPIL. 
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Puri. Why do you write northern 
and ſouthern ſigns, Sir ? 


Turo. Becauſe they are ſituated north 
and fouth of a circle in the heavens, cal- 
led the equinoctial, which circle crofles 
the ecliptic in the points Aries and Li- 
bra, and extends 23+ degrees on each fide 
of it; and which I ſhall have occaſion to 
mention to you another time. 

Pur iL. When you think proper, Sir, 
I ſhall be glad to have it explained to 
me. 


Turok. Look at your table, and tell 
me what ſign and what degree the ſun 
is in the zoth of March, and 2oth of 
October. 


Pur II. The ſun enters Aries the 2oth 
of March, of courſe he muſt be 10 degrees 
in that ſign the zoth; and, as he does 
not enter Scorpio till the 23d of October, 
he muſt want three degrees of completing 
the ſign Libra; he muſt therefore, on 
the 2oth of October, be in 27 degrees of 
Libra. 

Tu rox. 
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Tv rok. Very well. Do you learn the 
table, as you will have a farther uſe for 
it. 


D DI A- 
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INCE I was laſt with you, Sir, 1 
have been thinking of what you then 
told me, that the planets perform their 
revolutions in open ſpace: I have not 
the leaſt idea how this can be; if conve- 
ment, I ſhall be happy to have it ex- 
plained. 

Tu rok. It will be neceffary firſt to 
inform you, that the orbits or paths de- 
ſcribed by the revolution of the planets 
round the ſun, are not true circles (as Plate 
II“. fig. 2.) but ſomewhat elliptical, that 
is, longer one way than the other, as 
fig. 3. 

Pyr. This is exceedingly plain. 
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To ron. In a circle, the periphery or 
circumference is equally diſtant from a 
point within called its center, as A; but 
an ellipſis has two points called the 
focuſes or foci, as BC. In one of 
theſe, called its lower focus, is the ſun: 
ſo that you ſee in every revolution of the 
planet it muſt be nearer to the ſun in 
one part of its orbit, than it is in another. 

PvueiL. I ſee it clearly. 


Turok. Now let S (Plate II. fig. 4.) 
repreſent the fun, ABCD a planet in 
different parts of its orbit; when it is 
neareſt to the ſun, as at A, it is ſaid to 
be in its“ periſtelion; when at B its aphe- 
lion; but when at C or D its middle or 
mean diſtance, becauſe the diſtance S C 
or SD 1s the middle between AS the 
leaſt and BS the greateſt diſtance ; and 
half the diſtance between the two focuſes 
is called the eccentricity of its orbit, as S E 
or E F. 


When the moon or other planet is neareſt the earth, 
it is ſaid to be in perigee; when fartheſt from it, in 
apogee. 
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Po pIL. This I will endeavour to un- 
derſtand; but I find it will take me ſome 
time to be perfected in it. 


Turok. You may ſtudy it at your 
leiſure, as it will not prevent our pro- 
ceeding to the thing propoſed, namely, 
the laws which govern the motion of the 
planets, or ATTRACTION OF GRAVI- 
TATION. 

Pur II. By attraction I think you mean 
that property in bodies whereby they have 
a tendency to approach each other. I 
remember you told me that the magnet I 
had the other day attracted the needle. 

Turok. Yes. And you may recollect 
that when I took a feather ſuſpended by 
a thread, and put it near the conductor 
of the electrical machine, it was ſtrongly 
attracted by it, and adhered to it as long 
as the machine was kept in motion. 


Pve1L. Iremember it well. But what 
am I to underſtand by attraction of gra- 
vitation ? 

Turok. The ſun, being the largeſt 
— body, 


1 

body, aitrafts the earth and all the other 
planets, they 9rawate or have a tendency 
to approach the tun; the earth being 
larger than the moon at/rafs her, and ſhe 
gravitates towards tas earth; the planets 
are attracted by and pravitate towards 
each other ; a {tone when thrown from 
the earth, by its attraction and the gravi- 
tating power or weight of the ſtone, is 
brought to the earth again ; the waters in 
the ocean gravitate towards the center of 
the earth; and it is by this power we 
ſtand on all parts of the earth with our 
feet pointing to the center. 


Puert. This information affords me 
great pleaſure. 


Tu rox. Having mentioned attraction 
of magnetiſm, electricity, and gravitation, 
it may not be amiſs to inform you of ano- 
ther kind, called attraction of cohefion. 


Pue1t. Any thing which tends to my 
improvement, I ſhall be obliged to you 
to communicate, 


Turo. By attraction of coheſion is 
D 3 meant. 
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meant that property in bodies which con- 
nects or firmly unites the different par- 
ticles of matter of which the body is 
compoled. 


Pvueir. Pray, Sir, inform me what 
you mean by the /awws of attract ion? 

Turok. You are to underſtand, 1f. 
That attraFion decreaſes as the ſquares of 
the diftances between the centers of the at- 
tracting bodies increaſe. 

PuP1L. I muſt beg you, Sir, to explain 
to me the meaning of the ſquares of the 
diſtances. 

Tv rok. Any number multiplied into 
itſelf is a ſquare number, thus 1 is the 
ſquare of 1 ; 4 is the ſquare of 2; 9 is the 
ſquare of 3, and fo on, becauſe 1 multi- 
plied into itfelf is 1; 2 by 2 18 4; 3 by 3 
is 9, &. Now ſuppoſe, that when the 
planet is at B (Plate II“. fig. 4.) it is twice 
as far from the ſun as it is at A: how 
much more will it be attracted by the 


fun at A than at B? 
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Puri. You ſay, Sir, that the diſtance 
is twice as great at B as at A? 
Tu rox. I do. 


Puri. Then as the fquare of the tif 
tance 2 is 4, the decreafe of attraction at 
B, the planet at A will be attracted with 
four times the force it would be at B.—- 
Am I right, Sir? f 

To rox. Perfectly ſo. And if the 
diſtance at B were thtee times as great as 
at A, it would be attracted with a force 
nine times as great. 

PvÞeit. I perceive it muſt be ſo. 

Tu ron. I ſhall now give you the 20 
law, namely, That bodies atrract one anothiv 


with forces propertionable to tlie Nn of 
matter they contam. 


Pvy1r. Do all bodies of the ſame tnag- 
nitude contain equal quantities of mat - 
ter ? 

Turok. No, certainly: For a ball of 
cork may be as large as oae of lead, and 
yet not contain the fame quantity of mat- 
ter, becauſe it is more porous, and not fo 
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compact or denſe a body as the lead; 
neither will a ball of lead of the fame mag- 
nitude as one of gold contain an equal 
quantity of matter.—So the ſun, though 
a million of times as big as the earth, con- 
tains a quantity of matter only 200,000 
as great, therefore attracts the earth with 
a force 200,000 as great as the earth at- 
tracts him. 


PueP1L. I think this is clear. 


Turok. We will now ſuppoſe that 
in the river are two boats of equal bulk, 
at the diſtance of twenty yards from 
each other, and that a man in one boat 
pulls a rope which is faſtened to the 
other, what effe& will be produced, or 
where do you think the boats will meet ? 

Pueit. Had you not told me that bo- 
dies attract one another with forces which 
are proportioned to the quantities of mat- 
ter they contain, I ſhould ſay the boat to 
which the rope is faſtened would come 
to that in which the man ſtands: but as I 
imagine you mean to apply this to at- 

traction, 
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traction, by the above rule, they will 
meet at a point which | is half way between 
them. 


Turok. If one boat were three times 
the bulk of the other, how then ? 

Puerr. The lighteſt would move three 
times as far as the heavieſt, or 15 yards 
whilſt the heavieſt moved only 5. 

Tutor. Upon my word you reaſon 
philoſophically. In both caſes you are 
perfectly right. 


Pueit. As the ſun is ſo immenſe a 
body that his quantity of matter is fo 
much greater than the planets, I am at a 
loſs to know why they are not by the 
power of attraction drawn to him. 

Turok. And fo they would if the at- 
tractive power were not counteracted by 
another of equal force. 


Puett. Did you not ſay, Sir, that the 
planets are kept in their orbits by at- 
traction? 

Turok. I did. But you find that by 
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attraction only the ſun would draw all the 
planets to himſelf. 


PuriL. That is evident. But I wiſh 
to know what this counteracting power 
you ſpeak of is? 

Turok. I will tell you preſently.— 
You muſt remember that all fmple mo- 
tion 15 naturally rectilineal, that is, all bo- 
dies, if there were nothing to prevent 
them, would move in ſtrait lines. 


PueiL. Then as the planetary mo- 
tion is circular, it cannot be ſimple? 

Tvror. No. It is a compound of the 
two forces I have been mentioning : the 
one 15 called the attractive or *centripetal 
force; the other, the projectile or + cen- 
trifugal force. 


Pvup1L. The former I clearly compre- 
hend, but not the latter. I can conceive, 
that if two bodies approach each other 
by attraction they muſt move in a right 

® Tending to the center. 


t Flying off from the center. 
Turo. 
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Toros. If you ſhoot a marble on a 
ſmooth piece of ice, in what direction will 
it run ? 
Por IL. Strait forward. 


Turok. This is a projectile force. 
Could you, do you think, ſhoot it in any 
other direction? 

Pvueit. No, Sir, 


Turok. Then is not this motion rec- 
tilineal ? 

PuPIL. It is. 

Turok. When you ſtrike a ball with 
your cricket-bat, or throw a ſtone with 
your hand, is it not projected or thrown 
forward by the force of the bat or 
hand ? 

Puri. Certainly. 

Turok. And does it not move in à 
{trait line ? 

Pueit. At firſt it appears to do ſo; 
but afterwards it inclines towards and falls 
to the earth. 


Tv rok. Cannot you account for this? 
D6 Pyrit. 
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Pur. I ſuppoſe it muſt be drawn to 
the earth by attraction. 


Turok. You are right. The attrac- 
tion of the earth, and the reſiſtance of the 
atmoſphere or air through which it moves, 
retards its progreſs, or it would conti- 
nue moving in a ſtrait line, with a velo- 
city equal to that which was at firſt im- 
preſſed upon it. In like manner the be- 
neficent Creator of the Univerſe impreſſ- 
ed a force on all the planets which ſhould 
be equal to that of the attractive power 
of the ſun, that one might not overcome 
the other. | 

Pvueit. This wants explaining. 


Turok. I would willingly gratify you, 
but as I have much more to ſay on the 
ſubject, I fear it will be too great a bur- 
then on your memory ; it will therefore 
be better to poſtpone it. 

Pyr. As you pleaſe, Sir. 


DIA- 


DIALOGUE Vn. 


Tu rTOR. 


AVING at our laſt meeting explain- 
ed to you the nature of the attractive 
and projectile forces, I ſhall proceed to 
ſnew you that it is by the joint action or 
combination of theſe two forces that the 
planets are retained 1n their orbits. 

PvueiL. I am all anxiety, as I wiſh to 
be informed how, or in what manner 
they can act againſt each other, to pro- 
duce that effect. | 

To rok. Anſwer me a few queſtions, 
and you will foon know. 

PuP1L. As many as you pleaſe, Sir. 


To rox. If you whirla ſtone in a fling, 
what will be its motion ? 
Purir. Circular. 


Turox. 
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Tu rox. If you let it ſuddenly flip out 
of the ſling, will it continue its circular 
mot ion? 

Por iL. No, Sir, but fly off in a ſtrait 
line. 

Tu rox. This line you muſt remem- 
ber is what mathematicians call the tan- 
gent of a circle, as Aa, Bb, &c. 
(Plate II“. fig. 5.) for all bodies moving 
in a circle have a natural tendency to fly 
off in that direction. Thus a body at A 
will tend towards a; at B towards 6, 
and ſo on; but the central force acting 
againſt it preſerves its circular motion. 

Pup iL. By the central force here you 
mean the action of the hand, do you 
not ? | 

Turok. Yes. For, as ſoon as the 
ſtone is releaſed and that power is loſt, 
it aſſumes its natural, that is, its rectili- 
neal motion.—Again. If you are left at 
liberty, cannot you run ſtrait forward? 

PvueiL. Yes, Sir. 
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Turok. Now, ſuppoſe one of your 
companions were to faſten a rope round 
your body, and at the extent of it were to 
ſtand ſtill and hold it tight, with a force 
equal to that with which you run, could 
you, do you think, move in a ſtrait line, 
that is, in a tangent of a circle? 

Pvue1L. No, Sir. I muſt run in a circle. 


Turok. Why? 

Pop II. Becauſe, whilſt the rope is ex- 
tended I am prevented running in any 
other direction. 

To rok. Juſt fo it is with the planets: 
the attractive or centripetal force of the 
ſun being equal to that of the projec- 
tile or centrifugal force of the planets, . 
they are by attraction prevented moving 
on in a ſtrait line, and, as it were, drawn 
towards the ſun; and by the projectile: 
force from being overcome by attraction. - 
They muſt therefore revolve in circular 
orbits. 

Puri. What I have fo long wiſhed 
is now accompliſhed, I underſtand it 
perfectly. 


Tv TOR, 
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Tu rox. What I have now explained 
relates not only to the primary planets 
which have the ſun for their center of 
motion; but, you muſt remember that 
the ſecondary planets are governed by 
the ſame laws, in revolving about their 
reſpective primaries; for, as by the at- 
tractive power of the ſun combined with 
the projectile force of the primary pla- 
nets they are retained in their orbits; fo 
alſo the action of the primaries upon 


their reſpective ſecondaries together with 


their projectile force, will preſerve them 
in their orbits. 


Pvueir. Pray, Sir, what have you elſe 
to obſerve ? 

Turok. Have I not told you that the 
orbits of the planets are not true circles, 
but a little elliptical ? 

 Pue1r. Yes, Sir; and I ſhall be glad 
to know the reaſon of it. 

Turok. If the attractive power of the 
ſun were uniformly the ſame in every 
part of their orbits they would be true 
circles, and the planets would paſs over 

equal 


| 
; 
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equa! portions of their orbits in egzal 
times; that is, they would move from 
B to C, (Plate II“. fig. 5.) in the ſame 
time as from A to B, &c. 

PvueiL. That is clear, but as their or- 
bits are elliptical, when the planets are 
fartheſt from the ſun, the velocity with 
which they move muſt be leſſened as the 
attraction is decreaſed, 

Turok. And they muſt conſequently 
paſs over unequal parts of their orbits in 
equal portions of time. And, as à double 
velocily will balance a quadruple or fourfold 
power of gravity or attraction, it follows, 
that as the centripetal force 1s four times 
as great at A as at B (Plate II. fig. 4.) 
the centrifugal force will be twice as 
great, and would carry a planet from 
A to a in the ſame time it would from 
B to b, and in its orbit from A to c as 
ſoon as from B to d, and thereby de- 


| ſcribe the area, or ſpace contained be- 


tween the letters A'S e, in the fame time 
as the area or ſpace BS 4d. For accord» 
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ing to the laws of the planetary motions, 
in their periodical revolutions, they al- 
ways deſcribe equal areas in equal times. 

Puri. The orbits of the comets be- 
ing very elliptical, the irregularity of 
their motions muſt be exceedingly great. 

Tu rox. Great, indeed! - One of them 
paſſed fo near the ſun as to acquire a 
heat which Sir Iſaac Newton computed 
to be two thouſand times hotter than red 
hot iron“. 

Poet. Aſtoniſhing ! If they paſs fo 
near the ſun, the centripetal force muſt 
act powerfully on the body of the comet. 

Turok. And that force, you know, 
muſt be equalled by the projectile force; 
fo you find they move when near the ſun 
with amazing celerity.—But when arriv- 
ed at their aphelion, where the influence 
of the ſun is weak, what a tranſition 

Purit. Wonderful, indeed! —Their 
motion is exceſſively flow, and the fun 

Pr. Herſchel is of opinion, that bodies near the ſun 
do not acquire fo great a degree of heat as has been ge- 
acrally imagined. 

muſt 
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muſt appear little more than a fixed 
ſtar. Surely they cannot be inhabited, 
can they? 

Turok. We cannot ſpeak poſitively ; 
but, as they differ ſo much from the pla- 
nets, which we have reaſon to ſuppoſe 
are ſo, it is imagined they are defigned 
for ſome purpoſe unknown to us. 

Puri. When is the earth in its peri- 
helion? | 

Tu ron. In December; and our ſum- 
mer half year is longer than the winter 
half, by about eight days. 
| Pwpir. I ſuppoſe this is occafioned by 

the inequality of the earth's annual mo- 
tion. | 

Toros. It is; and this inequality is 


the cauſe of the difference of time be- 


tween the ſun and a well regulated clock; 
the latter keeps equal time, whilſt the 
former is conſtantly varying. 


Pve1Lt, I have often ſeen in the alma- 


nack clock faſt, clock flow, but did not 
know the meaning of it: I imagine it is 
that the clock ſhould be ſo much faſter 


Or 


| 
| 
| 
| 
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| 
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or ſlower than the time by the fun as is 
there mentioned. 

Turok. It is: but there are tables cal- 
culated to ſhew the difference of time 
for every day in the year; fo that if you 
know the exact time of the day by the 
fun, and have one of theſe tables, you will 
ſee what the time ſhould be by the clock, 
to a ſecond, which is not ſhewn in a com- 
mon almanack, 


Pur. In ſpeaking of the annual or 
yearly motion of the earth, you have no 
where mentioned the cauſe of the ſeaſons; 
will it be agreeable to do it now, Sir? 

Tu rok. The viciſſitudes of the ſeaſons, 
the cauſe of day and night, &c. ſhall be 
the ſubject of future leſſons : we ſhall find 
ſufficient to employ us at preſent. 


Puri. I think you told me juſt now 
that the earth is neareſt the ſun in De- 
cember; that 1s our winter ; this ſeems a 
little myſterious. 

Tu ron. It may appear fo to you now, 
by-and-by you wil be of a different opi- 

mon. 


LS] 


mon. TI ſhall explain this matter to you 
with that of the ſeaſons, &c. 

Pur il. I fear I have interrupted you.— 
As you faid you had ſufficient employment 


for us, I ſhall be glad to know what it 
18. 


Tu rok. Hitherto I have ſpoken of 
the ſun's being fixed, and that the planets 
revolve about him as a center. Inſtead 
of which the ſun and planets move round 
one common center, called the center of 
gravity. 

Poeit. What is this center of gra- 
vity ? 

Turok. Have you never ſeen a per- 
ſon raiſe a heavy weight by means of a 
long pole or leaver, which it was not in 
his power to lift without it? 


Por iL. Yes, Sir, and it excited my 
aſtoniſhment. 


Tu rox. Now, ſuppoſe the weight to 
be raiſed to be 10 Cwt. and the prop on 
which the leaver reſted 1 foot from the 
body to be raiſed; and the perſon at the 
other end of the leaver 10 feet from 


the 


of 
the prop; with what weight muſt he preſs 
to raiſe the 10 Cwt? 

Pvueir. I think that very eaſy ; for, as 
he is ten times as far from the prop as 
the weight is, a preſſure of 1 Cwt. which 
is one-tenth of the weight to be raiſed 
will do it. 

Tu rox. To be ſure; and yet you ſay 
you were aſtoniſhed when you ſaw it! 
Every thing we do not underſtand at firſt 
appears difficult. To apply this to our 
preſent purpoſe. You fee that a weight 
of 1 Cwt. at 10 feet from a prop, will ba- 
lance another of 10 Ct. at one foot from it. 
Now, inſtead of a prop let the two weights 
be nicely poiſed on a center, round which 
they may freely turn; the heavieſt would 
move in a circle, whoſe radius, or diſ- 
tance from the center would be one foot, 
whilſt the lighteſt would move in one 
Io feet from the center in the ſame time. 

Pve1L. Is the center round which they 
move the center of gravity ? 


To ron. It is; and round an imaginary 
point as à center the fun and planets 


move, 


4 My 

move, always preſerving an equilibrium, 
If the earth were the only attendant on 
the fun, as his quantity of matter is 
200,000 times as great as that of the 
earth, he would revolve in a circle a 
ao, oooth part of the earth's diſtance from 
him, in the ſame time as the earth is mak- 
ing one revolution 1n its orbit, or in one 
year; but, as the planets in their orbits 
muſt vary in their pofitions, the center 
of gravity cannot be always at the ſame 
diſtance from the fun. 

Pur iI. If it were, the balance could 
not be preſerved. 

To ron. Clearly fo. But you muſt 
know that the quantity of matter in the 
| ſun ſo far exceeds that of all theplanets to- 
gether, that even if they were all in a 


line on one fide of him he would never 


be more than lis own diameter diftant 
from his center of gravity ; therefore, 
aſtronomers conſider the fun as the cen- 
ter of the ſyſtem, and expreſs themſelves 
accordingly. 

PueiL. As you told me the ets 


planets 
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planets are governed by the fame laws 
as the primaries, I imagine they alſo 
with their primaries move round a center 
of gravity. 

Turok. They do ſo.— The earth and 
moon, Jupiter with his ſatellites, Saturn 
and his attendants, Georgian and its ſe- 
condaries, revolve about their reſpective 
centers; theſe, with the fun and the reſt 
of the planetary ſyſtem, make their cir- 
cuits round their center; every ſyſtem in 
the univerſe is ſuppoſed to revolve in like 
manner; and all theſe together to move 
round one common center, —How are we 
loſt in contemplating the omniſcience of 
the Deity | How difficult to conceive fo 
many millions of bodies of dead matter 
conſtantly in motion, ſo nicely balanced 
and governed by ſuch unerring laws !— 
Well may we fay with the Pfalmiſt, 

Lord! how manifold are thy works, in 
wiſdom haſt thou made them all.” 


1 
| 
1 
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TV rox. 


1 SHALL now, agreeably to my promiſe, 

explain to you the cauſe of and 
night, and then proceed with the viciſſi- 
tudes of the ſeaſons. 

Poe1L. That is what I much wifh to 
know; and had you not told me that the 
earth moved round the ſun every year, 
I ſhould have found no difficulty in ac- 
counting for the ſucceſſion of day and 
night, fince the fun appears to rife and 
let every day. 0 

Tu ron. That is true; but I think I 
muſt have convinced you that ſo immenſe 
a body as the fun cannot revolve about 
the earth; as well may you ſuppoſe that 
in roaſting a bird it is neceſſary that the 
fire ſhould move round it. 

E Pur ti.. 


L141 
Pveir. That | think would be very 
abſurd, as it is much eaſier for the bird on 
the ſpit to turn to the fire, than for the 
fire to go round the bird, 


Turo. You are certainly right; and 
if the earth revolve on its axis every 
twenty-four hours, will not the different 
parts of it be alternately turned to the fun, 
as the bird on the ſpit 1s to the fire ? 

Puri. I do not clearly comprehend 
what you mean by the axis of the carth ; 
for, as it moves in open {pace and has no 
ſupport, it can have nothing to reſemble 
the ſpit on which it turns. 


Tu ron. Certainly not. By the earth's 
axis is meant an imaginary line paſſing 
through its center, on which it is ſup- 
poſed to turn; as your ball if rolled on the 
ground would reyolve on an axis whilſt it 
was moving forward. 

Pue1r. I can now anſwer your queſtion 
in the affirmative: and, as our year con- 
ſiſts of 36 5 days, I imagine the earth muſt 
| make 


E 
make as many revolutions on its axis 
whilſt it is going once round the ſun. 


Turok. Undoubtedly: and as only 
one half of a ſpherical body can at any 
time be enlightened by a luminous bady, 
that part of the earth only which 1s turned 
to the fun, can receive the benefit of his 
enlivening rays, when it will be day; 
whilſt the oppoſite part will be involved 
in darknels, and it will be night. 

PopiL. I perceiveit mult be fo. But, 
if the earth move in the manner you de- 
ſeribe, I cannot conceive how it is that 
we are not ſenſible of its motion. 


Toros. If the motion of the earth 
were irregular it would be perceptible; 
but as it meets with no obſtruction the 
motion muſt be ſo uniform as not to be 
perceived. 

Pur iL. Had I recollected this, I need 
not have given you this trouble.—But J 
am continually meeting with freſh diffi- 

culties. 
Trcror. You have only to mention 
EK 2 what 
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what they are, and I ſhall take a pleaſure 
in removing them. 

PvuP1L. I thank you, Sir; and ſhall be 
obliged to you to inform me, how the 
motion of the earth can caute the fun to 
appear to move? 

Turok. When in a carriage which 
went {moothly on the road, or in a boat 
whole motion was ſcarcely perceptible on 
the water, did you never fix your atten- 
tion on the objects you paſſed? 

Pue1L. Yes, often, Sir. 


Turok. And had you not known that 
you really moved, and that the trees, &c. 
were immoveable in the ground, what then 
would have been your opinion? 

Pop IL. That the trees, &c. moved in 
a direction contrary to that in which I 
was moving. 

Tu rox. Is not this ſufficient to con- 


vince you that the apparent motion of 
the ſun may be occaſioned by the revo- 
lution of the earth on its axis? 


Pup1L, It is But if fo large a body 
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as the earth make a revolution on its axis 


in 24 hours, it muſt move with great ve- 
locity. 


Tu ron. It does ſo; and the inhabi- 
tants of London by this motion are car- 
ried at the rate of 560 miles an hour “. 

Puri. What an aſtoniſhing rapidity ! 

To ron. Now, the ſun with the reſt of 
the heavenly bodies muſt move round the 
earth, or the earth muſt revolve on its 


axis in 24 hours, to cauſe that appear- 
ance. 


PuPIr. That is plain. 


Turok. Well then, great as you may 
ſuppoſe the velocity of the earth on its axis 
to be, if the ſun move round the earth his 
hourly motion will be nearly 25 millions 
of miles; and beyond conception would 
be that of the fixed ſtars. Which now 
do you think is moſt probable, that the fun 
and ſtars ſhould move round the earth, or 
that they, by the ſimple motion of the 
earth, ſhould appear to be in motion? 


The hourly motion under the equator is 900 geo- 
graphical miles. 
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Pyp iL. The latter, to be ſure, Sir.—F 
have one difficulty remaining, which is 
this; if a lark rife from a field near 
London and remain in the air a quarter of 
an hour, if the earth move at the rate of 
560 miles an hour, it will go 140 miles 
whilſt the lark is ſuſpended, and yet it 
continues over the field, how can this be? 

Tv rok. This objection to the motion 
of the earth has been made by thoſe who 
were older and who thought themſelves 
wiſer too than yourſelf. They either did 
not know or did not conſider, that the at- 
moſphere which ſurrounds the earth is a 
part of itſelf, and gravitates towards it, 
and therefore partakes of the earth's mo- 
tion and carries the lark along with it. 
Befides, as the Sun, Venus, Mars, Jupt- 
ter, and Saturn, are known to revolve 
on their axes, we have reaſon to ſuppoſe 
that the other planets, together with the 
earth, muſt have the ſame motion “. 
»Der. Herſchel ſays, that ſeveral of the fixed ſtars re- 
volve on their axes.—He lately diſcovered the rotation 


of Saturn on his axis, and conſequent!y the length of the 
day, | 


Por. 
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Poert. How 1s it known that they do 
revolve on their axes ; and in what time 
do they perform their revolutions ? | 

Tv rox. By the aſſiſtance of teleſcopes 
dark ſpots have been ſeen on the diſk of 
the ſun, by the motion of which it is 
found that he revolves on his axis in 255 
days; Venus performs her diurnal revolu- 

"vagy "54 2 
tion in 23. 21; Mars goes round his 

ho. min. ho. min. 
axis in 24. 39; Jupiter in 9. 56; and 
ho. min. ſec, a 

Saturn in 12. 16. 2; as to the reſt, no 


{pot or any fixed point has been diſco- 
vered to aſcertain the length of their day ; 
Mercury being too near the fun, and the 
Georgium Sidus too remote for our ob- 
ſervations. | 


PvueiL. I can no longer doubt of the 
earth's motion: and, if it will not be im- 
proper, a deſcription of the atmoſphere 
will give me pleaſure. 

Tu ron. That I can have no objection 
to. The atmoſphere is a thin, inviſible 
fluid, moſt denſe or heavy near the earth, 
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but grows gradually rarer or lighter the 
higher we aſcend ; ſo much fo, that at the 
tops of ſome high mountains it is difficult 
to breathe. It ſerves not only to ſuſpend 
the clouds, furniſh us with wind and rain, 
and awer the common purpoſes of 
breathing, but is alſo the cauſe of the 
mori ing and evening twilight, and of all 
the glory and brightneſs of the firma- 
ment. 


Por. How, pray? 


To rox. If there were no atmoſphere, 
the ſun would yield no light but when 
our eyes were directed towards him; and 
the heavens wou!d appear dark and as full 
of ſtars as on a dark winter's night; but 
the atmoſphere being ſtrongly illuminated 
by the tun, reflects the light back upon 
us, and cauſes the whole heavens to ſhine 
fo ſtrongly, that the faint light of the ſtars 
is obſcured, and they are rendered invi- 
ſible. | 


Pvue1t. I find then the atmoſphere 1s 
| of 
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of more uſe than I imagined. But how 
is it the cauſe of the twilight? 

Turok. The atmoſphere is about 45 
miles above the ſurface of the earth, there- 
fore the ſun's rays falling upon the higher 
parts of it before riſing, by reflection 
cauſes a faint light, which increaſes till he 
appears above the horizon ; and in the 
evening it decreaſes after he ſets, till he 
15 18 degrees below the horizon, where the 
morning twilight begins, and the evening 
.twilight ends. 


Puri. By the horizon, I think you 
mean that diſtant boundary of our fight 
where the heavens and the earth ſeem to 
join all around us, as it appears from an 
eminence. 

Turok. The very fame. "Tis that 
imaginary circle which intercepts from 
our view the ſun, moon, and ftars each 
night ; and when, by the rotation of the 
earth, they appear to deſcend below it, 
we ſay they are ſet; as, on the contrary, 
each morning, when they appear above it, 
we ſay they rife. 
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« To find the ſpacious line, caſt round thine eye 
And where the earth's high ſurface joins the ſkies, 
Where ftars firſt ſet, and firſt begin to ſhine, 

% There draw the fancy*d image of this line. 


Pvueit. A very pleaſing deſcription, 
indeed. 

TrTor. You will remember that this 
is called the rational horizon; but that 
which reſpects land and water is called 
the ſenſible horizon. The former crvides 
the heavens into two equal parts, and 15 go 
degrees diſtant from a point directly over 
our heads, called the zenith, and the op- 
poſite point of the heavens directly under 
our feet, called the vadir.— But I muſt 
reſume the ſubject of the atmoſphere. 

PupiL. Had 1 not thought you had 
tiniſhed your deſcripti-n of the atmo- 
ſphere, I ſhould not have preſumed to in- 
terrupt you. 


Turok. What I have told you re- 
ſpecting the horizon is neceſſary for you 
to be acquainted with; therefore, the 
fuſpenſion is immaterial.— Lou muſt, I 
make 


191 
make no doubt, have obſerved the ſun 
and moon at riſing and ſetting to appear 
larger than when higher above the hori- 


ZON. 


Pvue1L. I have, frequently, Sir. 


Turok. And cannot you tell the rea- 
ſon of it? 
PvueiL. No, Sir. 


Turok. The reafon is this: In view- 
ing them, when near the horizon, you ſes 
them through a thicker medium than 
when they are higher, that is, you ſee 
them through a greater quantity of the 
atmoſphere ; and you not only ſee them 
larger, but really above the horizon whilſt 
they are actually below it. 


Pu. How do you account for this, 
Sir ? 

To rok. Light, like other bodies, if it 
meet with no obſtruction, will move in 
right lines; now, the rays of the ſun in 
coming to the earth, muſt paſs through a 
great quantity of the atmoſphere, which 
being a fluid, refracts or bends the rays of 

; 4%. oe light, 
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light, by which refract ion it is that we are 
favoured with the ſight of the ſun 31 mi- 
nutes every morning before he riſes above 
the horizon, and every evening after he 
ſinks below it, which in one ycar amounts 
to more than 40 hours. This refract ion 


2 and ends in 
the zenith. 


Puri. Pray, Sir, can you make this 
clearer by an experiment? 

Turok. I have juſt thought of one, 
Take a baſon filled with water, and a 
ſtrait ſtick or piece of wire; put it per- 
pendicularly into the water, that is, that it 
lean neither way, and there will be no re- 
fraction; incline it a little towards the 
edge of the baſon and it will appear a 
httle bent at the ſurface of the water ; 
incline it ſtill more, and the refraction wilt 
be greater. 


Pueir. Lhave often ſeen this appear- 
ance. when I have put my ſtick into 
water, but did not before know the 
cauſe. 


Tv rox. 
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Turok. You may try one more expe- 
riment. Pour the water out of the baſon, 
and ſet the baſon on the floor; put a 
guinea into it, and let it repreſent the ſun. 
Why do you ſmile ? 

PueiL. Becauſe I have not the ſun's 
repreſentative to try the experiment with. 


Turok. Well, well, put a ſhilling into 
the baſon and call it the moon, and it will 
anſwer the fame purpoſe :—Walk back- 
ward till you juſt loſe fight of it, then the 
right line from your eye continued over 
the edge of the baſon muſt paſs beyond 
the money at the bottom of it. 

PvuerL. That is evident. 


Turok. Keep your poſition, and de- 
fire ſome friend to pour the water gently 
into the baſon ſo as not to remove the 
money, and you will clearly diftinguiſh 
it. Now, if you call the edge of the ba- 
fon the horizon, the water the atmoſphere, 
and the ſhilling the moon, is it not clear 
that you will fee it above .the horizon, 
when it is really below it? 

PupIL, 
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Putt. I think fo, Sir. 


Turok. Well, try the experiment, 
and let me know the reſult when I next 
fee you. 


- 
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DIALOGUE IK 


Turo R. 


PRESUME, Sir, you have made the ex- 
periment I recommended to you. 

Puer1Lt. I have, Sir; and am ſo well 
convinced of what you told me, that no- 
thing farther need be {aid on the ſub- 
ject. | | 

TuTor. As that is the caſe, I ſhall 
proceed. —I dare fay you do not forget 
what the plane of the ecliptic is. 

Puri. I do not, Sir; but have a per- 
fect recollection of it. 


Turok. Now, remember, that the 
axis of the earth is nat upright or perpen- 
dicular to the plane of the ecliptic, but 
inclines to, or leans towards it, 234 de- 

grees, 
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grees, and makes an angle with it of 66 
degrees. 

Pur iL. An angle ſignifies a corner; 
but that cannot be the meaning here. 

Turok. That is what is generally un- 
deritood by an angle: but, in geometry, 
it means the mecting of any two lines 
which incline to one another, in a certain 
point. Now, if you conceive the axis 
of the earth to be one line, and the plane 
of the ecliptic the other, the point where 


they meet or croſs each other will form an 
angle. ; 


Pup IL. I think I underſtand it; but 
how can it contain 234 or 664 degrees? 
Ti ror. You know what a degree is? 


Pvue1Li. If I remember right it is the 
360th part of a circle. 


Tu ron. It is ſo: and the meaſure of 
an angle 15 an arc or part of the circum- 
ference of a circle, whoſe angular point is 
the center: and ſo many 360th parts as 
any arc contains, fo many degrees the 
mealure of the angle is ſaid to be; thus, 

Z CE 
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Z CP (Plate III. fig. 1.) makes an angle 
of 23+ degrees, becauſe the arc Z P con- 
tains 23+ 360th parts of the whole circle. 
Then if AB repreſent the plane of the 
ecliptic, and N CS the axis of the earth, 
as DN contains the ſame number of de- 
grees as Z. P, will not its inclination from 
a perpendicular be 244 degrees? 
Puri. Nothing can be plainer. 


contains 664 parts of the whole circle, the 


axis of the earth makes an angle of 66# 


degrees with the plane of the ecliptic. 
And, if you add 231 to 66+ the ſum will 
be go, which is the meaſure Z B, or the 
fourth part of the circle, and makes what 
is called * angle, at the point or 
center C. 

PueiL. his wry hear f but what do 


the other letters refer to? 


Toroz. The extremities of the earth's 


axis are called the poles, N the north, 


and S the ſouth pole, and P the north- 


pole ftar, to which, and to the oppoſite 


part 
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part of the heavens, the axis always” 
points, Theſe extremities in the hea- 
vens appear motionleſs, whilſt all other 
parts ſcem in a continual ſtate of revolu- 
tion : the circle of motion appears to in- 
creaſe with the diſtance from the appa- 
rently motionleſs points to that circle in 
the heavens which is at an equal diſtance 
between them, called the equinoctial, re- 
preſented by the letters AQ ; and is the 
ſame I promiſed ſome time ago to explain 
to you._ 

Pvup1L. I recolle& it: and as the line 
A B repreſents the plane of the ecliptic, 
I ſuppoſe the line AQ is the plane of the 
equinoctial, which I fee croſſes it as you 
then told me. 


Toros, You are right: and it makes 
an angle with it of 231 degrees. It is 
called the equinoctial, becauſe when the 
ſun appears there, that is, in Aries or Li- 
bra, the days and nights are equal in all 
parts of the world, which I ſhall ſhew you 
in due time; and ſhall now explain to you 
what I have juſt mentioned, that the axis 
| of 
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of the earth always points to the ſame 
parts of the heavens. I am apprehenſive 
you will think it ſtrange that this ſhould 
be the caſe, and the axis keep parallel to 
it ſelf. 

Pueit. What am I to underſtand by 
the axis being parallel to itſelf? 

Tu ron. Two lines are faid to be pa- 
rallel when they do not incline to but 
keep at equal diſtances from each other; 
ſo that if they were infinitely continued, 
they would never meet. Now, if you can 
conceive a line drawn parallel to the 
earth's axis in any part of its orbit, it will 
be parallel to it in every other part of it. 
A little drawing I have by me, (Plate 
III.“ fig. 2.) where the earth is repreſented 
in four different parts of its orbit, I think 
will make this plain to you. 


Pueir. I comprehend your meaning 
clearly. But, as the orbit of the earth 1s 
190 millions of miles in diameter, I have 
not the leaſt conception how it can incline 
to the ſame points. Had you not told 
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me to the contrary, I ſhould have thought 


it muſt move round them in every revo- 
lution of the earth about the ſun. 


Toros. That ſuch a motion would be 
perceptible is evident, if the fixed ſtars 
were near the earth; but, compared with 
their diſtance, 190 millions of miles is but 
a mere point: therefore, the axis always 
inclines to the ſame points of the heavens, 


Pve1L. This is a greater proof of the 
inconceivable diſtance of the ſtars than 
what you mentioned before, and I thought 
that very aſtoniſhing : 

Wonders on wonders conſtantly ariſe, 

Whene'er we view the earth, or fea, or (kics, 

To rox. It is very true. And the more 
we ſearch, the more we have cauſe to ad- 
mire the works of the Almighty, 


PuPiL. Pray, Sir, what is the next 
thing you propoie ? 

Turor. To make you acquainted 
with the other circles you fee in the figure 
(Plate III.“ fig. 1.) as it is very neceſſary 
you ſhould know them. 
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Puri. Will you be kind enough to 
tell me their names, Sir, and I will endea- 
vour to remember them ? 

To rok. That line which divides the 
globe into two equal parts, called the 
northern and fouthern hemiſpheres, which 
anſwers to the equinoctial in the heavens, 
and 1s equally diſtant from the two poles, 
is called the equator; the other which 
crofles it, as I before told you, is the 
ecliptic ; the ſmaller circle, north of the 
equator, is the tropic of cancer ; that 
ſouth of it, the tropic of capricoru; the 
circles next the poles are called the polar 
circles; or that next the north pole, the 
arctic circle, and that next he ſouth pole, 
the antarctic circle; each of which is 234 
degrees diſtant from its reſpective pole, 
as are the tropics from the equator. 


Pvyeit. You have not mentioned the 
lines which croſs the other circles, and 
terminate in the poles; what are they 
called ? 

Turok. They are called meridians, 
becauſe when any of them, as the earth 

reyolves 
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revolves on its axis, is oppoſite to the ſun, 
tt is mid-day or noon along that line. 
Twenty-four of theſe lines are utually 
drawn on the globe to correſpond with 
the twenty-four hours of the day ; but 
you are not to ſuppoſe there are no more 
than twenty-four ; for every place that lies 
ever lo little eaſt or weſt of another place 
has a different meridian. —To make this 
clearer to you, we will ſuppoſe the upper 
12 (Plate III.“ fig. 1.) to be oppoſite the 
fun, it will of courſe be noon along that 
line; the next mendian marked 1, being 
15 degrees eaſt, will have paſſed the me- 
ridian 1 hour, conſequently it will there 
be one in the afteruoon, and ſo on, ac- 
cording to the order of the figures, til 
you come to the lower 12, which being 


the part of the earth turned directly from 


the ſun, it will be midnight on that me- 
ridian; on the next meridian, as you pro- 
ceed round, it will be one in the morning, 
the next two, and ſo on till you arrive at 
the upper twelve, where you ſet off. So 
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vou fee there muſt be a continual fuc- 
ceſſion of day and night. This difference 
of ti ne between places lying under diffe- 
rent meridians is what is called longitude. 


Puri. I think I have heard of a Mr. 
Harriſon, who made a time-keeper for 
determining the longitude. Shall I treſ- 
paſs at all if I beg a little farther informa- 
tion on this ſubject ? 

Turok. It is my wiſh at all times to 
ſatisfy your curiofity, when I can do it 
with propriety. I ſhall therefore comply 
with your requeſt. Mr. Harrifon's time- 
keeper, and thoſe made fince by other 
artifts, are fo conſtructed, that the heat 
and cold of different climates will not 
affe&t them; for, all metals are more or 
leſs expanded by heat, and contracted 
by cold; for which reaſon it is, that a 
clock or watch made in the uſual way 
will not keep equal time. Now, all that 
is required of theſe time-keepers to aſ- 
certain the longitude is this: Suppoſe 
a captain of a veſſel failing from London 

* i to 
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to the Weſt Indies, we will ſay Kingſton, 
in Jamaica. On his paflage thither he 
makes an obiervation, and finds the fun 
on the meridian, or that it 1s twelve 
o'clock in that fituation, when by his 
time-kceper it is two in the afternoon in 
London, whence he concludes he is 30 
degrees welt of London. 


Pue1L. I muſt beg you to explain this 
to me, as I do not underſtand why two 
hours of time ſhould be equal to 30 de- 
grees of longitude. 

Ty rok. You muſt confider, that as 
the earth makes a complete revolution 
on its axis in 24 hours, it muſt paſs over 
360 degrees in that time: now, if you 
divide 360 by 24, the quotient 15 will 
be the number of degrees paſſed over in 
one hour; 30 degrees will be equal to 
two hours, &c. The difference of time 
between London and his ſituation is two 
hours, conſequently the difference of lon- 
gitude muſt be 30 degrees: and, it muſt 
be weſt, becauſe the ſun had paſſed the 
meridian of London; for, as the earth 


revolves 


So 

revolyes from weſt by ſouth to caſt, one 
place which lies eaſt of auother muſt come 
firſt to the meridian or oppoſite to the 
ſun. Therefore, when longitude is reck- 
oned from London, if the place lie eaſt” 
of that meridian the time will be before; 
if weſt, after London. 

Pur r. I ſee it clearly; and as 60 mi- 
nutes make an hour, if I divide it by 15, 
the quotient 4 will be the minutes anſwer- 
ing to one degree. 

Torox. You are right: and for the 
ſame reaſon, 4 feconds of time are equal 
to one minute of longitude, which you 
know is the both part of a degree. Our 
captain when arrived at Kingſton, finds 
the difference of time between it and 
London 5 ho. 6 min. 32 ſec. Can you 
tell me the longitude of Kingſton ? 

Poe1L. If I bring the hours and mi- 
nutes to minutes, and divide by 4, the 
quotient I think will be degrees, will it 
not ? 

To rok. It will: and the ſeconds of 

F time 
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time divided by 4, will be minutes of 
longitude. Now try if you can do it. 


Pvueit. Five hours 6 minutes, multi- 
plied by 60 will be 306 minutes, this di- 
vided by 4, will give 76 degrees and 2 
over, which 2 is half a degree, or 30 mi- 
nutes: and 32 ſeconds of time divided 
by 4, will be 8 minutes of longitude, the 
ſum of which is 76 degrees 38 minutes 
tor the longitude of Kingſton. 

Turok. Very wcll.—1I have juſt now 
thought of another method of reducing 
time to longitude, and longitude to time, 
which you may probably find eaſier. 
However, when you are in poſſeſſion of 
both, you may uſe which you pleaſe. 

Puri. That which is eaſieſt muſt, I 
think, be beſt. 

Turok. I will give it you, and let 
me have your opinion of it. 

To reduce time to longitude. 

Multiply the hours, minutes, and ſe- 
conds of time by 15, or rather by the 
actors as they are called, namely 3 and 5, 


, carrying 
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carrying one. for every 60 in the minutes 
and ſeconds, and ſetting down the re- 
mainder, thus : 

ho. min. ſec. 


5 6 332 difference of 


3 time. 


n 
5 
Degrees 76 38 o longitude. 


2 — 


Divide the degrees and minutes of lon- 
gitude by 5 and 3, and the quotient will 
be the difference of time. 

PuP1L. I give chis the preference. 


Toro. As longitude is ſeldom men- 
tioned without being accompanied with 
latitude, that you may not be ignorant 
of its meaning when you meet with it, 
] ſhall juſt tell you that it is the diſtance 
of any place from the equator, reckoned 
in degrees and minutes on the meridian, 
and is either north or ſouth as the place 
lies north or ſouth of the equator. The 
latitude of any place is equal to the ele- 
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vation of the pole above the horizon. 
The latitude of the heavenly bodies is 
reckoned from the ecliptic, and terminates 
in the arctic and antarctic circles: and 
their longitude begins at the point Aries. 


Pur ir. What is the meaſure of a de- 
gree ? 

Turok. A degree of latitude is 60 
geographical, or 694 Engliſn miles: and 
a degree of longitude on the equator is 
equal to it, becauſe the equator as well 
as the meridians divides the globe into 
two equal parts. But a degree of longi- 
tude decreaſes as you approach the poles: 
for at the poles the meridians meet in a 
point, conſequently a degree there can 
have no dimenſion. To-morrow I will 
ſhew you the cauſe of the ſeaſons. 


| 
| 
| 
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DIALUGUE- FT 


Pup 11. 


THINK, Sir, when you left me laſt 
night you told me our next buſineſs 


would be to explain the nature of the 


ſeaſons ? 
To ron. I did fo, and am perſuaded 
you will find no great difficulty in com- 
prehending it. —Caft your eye on the 
little drawing I gave you, (Plate III.“ 
fig. 2.) where the earth is repreſented as 
fituated at the four quarters of the year, 
namely, Spring, Summer, Autumn, and 
 Winter.—But before we proceed to an 
explanation it will be neceſſary to remork, 
that, in the little ſcheme the eye is ſup- 
pofed to be elevated above the plane of 
the earth's orbit, and that we ſee it very 
obliquely, The orbit by this means 
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appears very elliptical; and, the en- 
lightened hemiſphere, or that half of the 
earth which is turned to the ſun in the 
ſpring, and the darkened hemiſphere, or 
that turned from him in the autumn, are 
there repreſented. 


PupiL. This I underſtand. 


Turok. Well then, we will begin with 
the ſpring. In this ſituation of the earth 
the equator is exactly oppoſed to the ſun: 
and, as he always enlightens a hemiſphere, 
or half of its ſurface, his rays will reach 
to both the poles : whence, from the di- 
urnal revolution of the earth, the day and 
night are equal all over the globe. 
PupiL. This I remember you told me 
happened when the ſun was in Aries and 
Libra. The fun is now entering Aries: 
and, as we are in the rays of the fun one 
half of the diurnal revolution, and in the 
ſhadow of the earth, or dark, the other 
half, the day and night muſt be equal. 
Tu ron. Certainly. And as the ſun 
enters Aries in the equinoctial, it is then 


called 
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called the Yeryal, that is, Spring Equinox. 
When the ſun enters the oppoſite fign 


Libra, the fame effects are produced, and 
it is then called the Aurumnal Equinox. 


Pr err. You have paſſed on from Spring 
to Autumn. 

Turo. I have ſo.— We will now re- 
turn, and trace the earth in its orbit from 
ſpring to ſurmmer.—You have already 
ſeen that the north and ſouth ples are 
both enlightened, and that the day and 
night are equal at the equinoxes. It the 
axis of the earth were perpendicular to 
the plane of the earth's orbit, this would 
conſtantly be the caſe, and we [hould have 
no diverſity of ſeaſons : for, the fun be- 
ing over the equator, the poles muſt be 
perpetually enlightened, and of courſe we 
ſhould have equal day and night at all 
times of the year. 

PuerLt. That is plain. I ſuppoſe then 
that it is to the inclination of the earth's 
axis we are indebted for the increaſe and 
decreaſe of days. 

Turok. It is occaſioned by the incli- 

F 4 nation 


L 104 ] 
nation of the earth's axis and its preſery- 
ing its paralleliſm, which I explained to 
you laſt evening.—As the fun 1s now in 
the firſt point of Aries, the earth you 
know muſt be in the beginning of Libra, 
it being the oppoſite fign.—Now fix your 
attention on the ſcheme, and imagine the 
earth to be advancing in its orbit through 
Libra, Scorpio, and Sagittarius : and at 
the firſt degree of Capricorn give me your 
opinion of the earth's poſition. 


Puri. The north pole is turned to 
the ſun, the ſouth pole from him, and 
the tropic of Cancer is oppoſite to him. 


Turok. How many degrees are the 
tropics from the equator, or, 1n other 
words, what is the inclination of the 
earth's axis? 


Pueit. Twenty-three degrees and a 
half 


Tu rox: And ſo far are the rays of the 
fun caſt beyond the north pole, and fall 
ſhort of the ſouth pole: fo that the 
whole of the arctic circle is enlightened, 

and 
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and the antarctic circle involved in dark - 
neſs. 


Poerr. What conclufion am I to draw 
from this ? 

Turok. That in the northern half of 
the globe it is the longeſt day, or ſummer, 
and in the ſouthern half the ſhorteſt, or 
winter, whilſt under the equator the days 
and nights are equal. 


Pup IL. I uſed to think that when it 
was winter or ſummer here it was ſo in 
every part of the world. 

Turo. You now find your miſtake. 
For as the earth 15 making its progreſs 
from Libra, the north pole is approaching 
the ſun, and the ſouth pole receding from 
him : conſequently the length of the day 
is increaſing in the northern hemiſphere 
and decreaſing in the ſouthern. —The ſun 
has now been three months above the 
horizon of the north pole, and the ſame 
time below that of the ſouth pole, and in 
three months more, when the carth ar 
tives at Aries, the ſcene will be revericc : 
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the ſun will be over the equator, botli 
poles will be again enlightened, and- the 
day and night will be equal in every part 
of the globe. The ſun will now be rifing 
to the ſouth and ſetting to the north pole. 
This is our Autumn. 
Puri. And as the earth is advanc- 
ing towards winter, the ſouth pole will 
be turning to the ſun, and the north pole 
from him, whence I conclude that when 
the earth is in Cancer it muſt be ſummer, 
fouth of the equator, when it is our win- 
ter. | 
Tu rox. Moſt aſſuredly. For you ſee 
that the ſun is over the tropic of Capri- 
corn, which you know is as much ſouth 
of the equator as the tropic of Cancer is 
north of it, where the fun was in our 
ſummer. The antarctic circle is now en- 
lightened, and the arctic obſcured in 
ſhade; but, under the equator there is 
neither increaſe nor decreaſe, the days and 
nights being each twelye hours. 

Puy1L. It is now our winter, the ſun 
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of the ſouth pole, and will continue ſo till 
the vernal equinox, when he will again 
riſe to the north pole, and ſo on in regu- 
lar ſucceſſion. | 

Tu rox. It muſt be plain then to you 
that there can be but one day and one 
night at each of the poles, reckoning the 
time the ſun is above or below their re- 
ſpective horizons ; under the arctic and 
antarctic circles, the longeſt day is twenty- 
four hours, and in the ſhorteſt the ſun is 
juſt viſible in the horizon at noon. The 
longeſt day decreaſes in length the nearer 
we approach the equator, where I before 
obſerved there is no variation, becauſe the 
circle bounding light and darkneſs, in 
every poſition of the earth, divides the 
equator into two equal parts; and, it 
muſt be obſerved, that the longeſt day 
and longeſt night are equal to each other 
in every part of the globe. 


Purit. If che longeſt day under the 
arctic circle be juſt twenty-four hours, the 
fun muſt riſe in the north. 
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To rox. He does fo, makes a com- 
plete circle, and ſets in the north again. 
From the arctic circle to the equator, he 
riſes north of the eaſt, and fets north of 
the weſt : at the equator he riſes due eaſt 


and fets due weſt, thence ſouthward to 


the antar&ic circle, he rifes ſouth of 
the eaſt, and ſets ſouth of the weft : and 
under the antarctic circle, as I obferved 
juft now, he is viſible in the horizon in 
the ſouth at noon. 


Pvoyeirt. We uſually fay the fun riſes in 
the caſt and ſets in the weſt. 

Tu rox. At the equinoxes it muſt be 
ſo in all parts of the globe, the poles ex- 
cepted : in every other ſituation, except 
under the equator, there is a continual 
change. What I have now told you, 
reſpecting the northern hemifphere, will 
be reverſed at our ſhorteſt day : that is, 
in the northern hemiſphere the ſun will 
rife fouth of the caſt and fet ſouth of the 


e Here it muſt be obſerved, that there will be a litis 


variation from ſun-rifing to ſun-ſetting, as the earth is 
_ advancing in its orbit. 
weſt; 


| 
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welt; and, in the fouthern hemiſphere; 
the contrary, the ſun will be in the hori- 
zon, at noon, under the arctic circle, and 
the day will be twenty-four hours under 
the antarctic circle. b 


Pv err. Pray, Sir, are the regions with- 
in the polar circles inhabited? If they 
are, their ſituation, in winter, muſt, I 
think, be dreadful. | 


Turok. It is foreign to my preſent 
purpoſe to ſpeak of the inhabitants of 


the earth, as that more properly belongs 
to Geography. Thus much however | 
ſhall tell you, that, although it muſt be 
very cold and dreary, they are not fo long 
deprived of light as you may imagine; 
for, even under the poles, when the fun 
is hidden from them, they are but a ſhort 
time in total darkneſs ; for, you mult re- 
collect, that the twilight continues till the 
ſun is eighteen degrees below the hori- 
zon; and the ſun's greateſt depreſſion, 
you know, can be but twenty-three de- 
grees and a half, equal to the inclinat ion 
of the earth's axis. Beſides this, the 

moon- 
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moon is above the horizon of the poles a 
fortnight together; being half her period 
north, and the other halt ſouth, of the 
equator; and, as the moon at full is in 
the ſign oppoſite to the ſun, the tropical 
full moons muft be twenty-four hours 
above the horizon at the polar circles. 


Por i. This deſcription is very pleaſ- 
ing, as I had no idea of their being fa- 
voured with ſo much light in the abſence 
of the ſun: and, I find, as the ſun is lon- 
ger above the horizon in ſummer than in 
winter, the moon, on the contrary, con- 
tinues longer with us in winter, when we 
moſt Pity her aſſiſtance, than ſhe does in 
ſummer. 

Tu rox. As you ſeem to underſtand 
what I have been explaining, I ſhall ſhew 
you, that the reaſon why it is hotteſt when 
we are fartheſt from the ſun is, that in 
winter when we are neareſt to him the days 
are ſhorter, his rays fall yery obliquely on 
us, and are more diſperſed than they are 
in ſummer, when he not only remains 
longer above the horizon, but being 
©. higher, 
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higher, his rays fall more direct on us, 
by which means the earth becomes ſo 
much heated that it has not time in the 
ſhort nights to get cold again.ä— When 
the earth is neareſt the ſun it is ſummer 
in the ſouthern hemiſphere, therefore it 
is reaſonable to ſuppoſe that the heat 
there muſt far exceed ours in the ſame 
latitude; but to counteract this, their 
ſummer is ſhorter by eight days than 
ours: and it is well known that it is much 
colder near the poles in the ſouthern than 
in the northern hemiſphere : but this 1s 
accounted for from there being more 


land to retain the heat in the latter than 


in the former. 


Poeir. My doubts on this head being 

now removed, I muſt beg you to give me 
ſuch other information as you may think 
proper. 
Toro. As there are different degrees 
of heat and cold, the earth has been di- 
vided into five zones, namely, one torrid, 
two temperate, and two frigid zones. 
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Portr. How are they diſtinguiſhed ? 
Tu ron. The torrid zone is all that 
ſpace ſurrounding the globe contained 
between the tropics, having the equator 
running through the middle of it. It is 
fo called on account of its exceſſive heat, 
for, twice every year the ſun is vertical 
to the inhabitants, that 1s, he ſhines di- 
rectly on their heads, and caſts no ſhadow, 
but under their feet, at noon. 


Puri. We find it fometimes extremely 
hot here in our ſummer ; furely, in the 
torrid zone it muſt be almoſt inſupport - 
able ? 

Tu rox. They are inured to it from 
their infancy.—But we are departing from 
our ſubject.— The temperate zones are 
comprehended between the tropics and 
polar circles, that between the tropic of 
Cancer and the arctic circle is called the 
north temperate zone, and that between 
the tropic of Capricorn and the antarctic 
circle the ſouth temperate zone. 
Pyr I ſuppoſe they are called tem- 

| perate 
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perate becauſe the heat is not ſo intenſe 
as in the torrid zone? | 

Tu rox. True. Neither is the cold 
ſo ſevere as in the frigid zones, which are 
thoſe regions comprized within the polar 
circles, and are denominated north and 


ſouth, as they are contiguous to the north 
or ſouth poles. 


Puri. Why are they called frigid? _ 
Tu rok. They are called frigid or fro- 
zen zones, becauſe near the poles there 
are perpetual fields of ice, the heat of the 
ſun, even in ſummer, being inſufficient 
to diſſolve it. Nom try if you can tell 
me the breadth of each zone in degrees. 

Puri. The torrid zone being twenty- 
three degrees and a half on each ſide, the 
equator muſt be forty- ſeven degrees, 
which muſt alſo be the breadth of the 
frigid zones, as the polar circles are diſ- 
tant twenty-three degrees and a half from 
the poles, which are their centers. And, 
as from the equator to either pole is 
ninety degrees, from the equator to the 

tropics, 
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tropics twenty-three and a half, and from 
the polar circle to the pole twenty-three 
and a half, if the ſum of thele, that is, 
forty-ſeven, be taken from ninety, the re- 
mainder, forty three, will be the breadth 
of each of the temperate zones. 

Turok. Very well. 


Pur rr. From what you have told me 
I have no doubt but that the earth is 
globular, but I have no proof of it: I 
muſt therefore beg your aſſiſtance. 
Turo. That it cannot be an extended 
plane, as ſome have imagined, is very evi- 
dent ; for, if it were, the angle made with 
that plane and the north pole ſtar would 
be always equal, for reaſons I have be- 
fore given you: neither can it be cylin- 
drical, that is like a garden roller, as 
others have ſuppoſed.— If a perſon travel 
northward the pole ſtar becomes more 
elevated, and if he could penetrate to the 
north pole of the earth the ſtar would be 
in the zenith, or directly over his head: 
on the contrary, if he travel ſouthward, 
it is more and more depreſſed till he ar- 
rives 
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rives at the equator, where the ſtar is in 
the horizon; as he proceeds it diſappears, 
and other ſtars riſe. to his view, inviſible 
to us. Here then you ſee it muſt be cir- 
cular northward and ſouthward. 

Pueit. I am convinced it muſt be 
ſo. 

Turok. And it is as certain that it 
is ſo caſt and weſt : for, navigators have 
often failed round it ſteering the fame 
courſe : that is, if they fail an eaſterly or 
weſterly courſe at ſetting off, by conti- 
nuing the ſame courſe they will return to 
the port whence they departed. This 
you know they could not do if it were 
not round, any more than an inſect could, 
by croſſing a round table, arrive at the 
place it ſet out from; but, by going round 
the edge it would be till going forward 
and come again to the point it had left. 

Pur iL. It is very evident. 

_ Tvuror. Again. In every direction, 
if a ſhip be ſeen at a diſtance, the firſt 
things obſerved are the top-maſt and rig- 
ging, whilſt the hull or body of the ſhip 
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is hidden behind the convexity, that is 
roundneſs of the water, juſt as you would 
ſee a man coming over a hill, you would 
firſt ſee his head, he would be riſing more 


and more to your view till he arrived at 
the top, where he would be full in fight. 


Pue1L. I am at a loſs to account for 
the convexity of the water. How can 
it's ſurface be round ? 

Turok. Have you never obſerved the 
drops of water falling from the caves of a 
houſe ? 

Pup II. Often, Sir. 

Turok. Of what ſhape were they? 

Pup IL. Globular.— But what is the 
cauſe of their being ſo? 

Turok. Attraction. — For as every 
particle of water which compoſes the 
drop tends to the ſame center, every part 
of the ſurface muſt be equidiſtant from 
the center, it muſt therefore be ſpherical. 
In like manner if you ſeparate quick- 
filver, each portion will form itſelf into a 
globe. 

PrueiL. All this is very clear. And. 

tor 
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for the ſame reaſon, the water in the ocean 
muſt be convex; for, I remember you 


told me that it gravitated towards the 
center of the earth. 


Turok. Once more.—I think you 
mult have ſeen an eclipſe of the moon. 
Pvoueit. I have, Sir. 


Turok. Of what figure was the dark- 
ened part ? 
Pvueir. Circular. 


Tv rok. Take this ball, and hold it be- 
fore the candle between your finger and 
thumb, fo that the ſhadow may be thrown 
on the wall, and in all poſitions you will 
find it circular. 

Pu L. It is fo. 

To rox. Apply this crown piece in the 
ſame manner, with the flat fide to the 
candle. 

Pvpyir. It is a circle. 

Tu rok. Turn it a little obliquely, 

PuriL. It is now an ellipſis. 

Turok. Now turn the edge to the 
candle. 

f Pu pIL. 
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Pop. The ſhadow 1s a ſtrait line. 

To rok. You now lee that no other 
body than that of a globe can in all poſi- 
tions caſt a circular ſhadow. 

PopIIL. I do, Sir. 

Turok. The darkneſs on the diſk of 
the moon at the time of an eclipſe is the 


| ſhadow of the earth, which in all fitua- 


tions 1s circular; the carth, therefore, 
which caſts the ſhadow, muſt be a globe. 

PvueiLr. It muſt be ſo.— But 

Turok. The earth is mountainous. — 
It is fo: but remember that the higheſt 
mountain bears no greater proportion to 
the bulk of the earth than the ſmall irre- 
gularities on the peel of an orange bears 
to that fruit : that objection therefore is 
ſoon removed. And yet it is not a true 
ſphere. 

Pur iL. What then. 

Turo. An oblate ſpheriod, that is, 
it 15 a little flattened at the poles “, and 

Sir Iſaac Newton diſcovered, that the diameter at 
the equator is to that at the poles, or its axis, as 230 to 
229 : whence the polar diameter is abont 34 miles leis 
than the equatorial, 
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is in ſhape not unlike an orange or a tur- 
nip. This you will not be ſurprized at 
when I tell you that the equatorial parts 
are about four thouſand mules from the 
center of motion. 


Pvp1r. I ſuppoſe then you infer, that 
as the centrifugal force is greater the far- 
ther it is removed from the center, that 
the parts near the poles have a tendency 
to fly off towards the equator. 

Turok. I do. And as we have 
finiſhed this part of our ſubject, I ſhall 
take leave of you. 
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DIALOGUE XI. 


Tu roOR. 
I Now propoſe giving you a deſcrip- 
tion of the moon, and I doubt not 
it will afford you ſome degree of plea- 
ſure. 

Pvue1t. Indeed it will, as I know little 
more than that ſhe is a ſecondary planet 
or ſatellite, revolving round the earth, 
and with it round the ſun. 

Turok. You know her mean diſtance 
from the earth. 

Pvueir. I did not recollect that: 240 
thouſand mules. 

Turok. Right. Her diameter is 
about 2161 miles, and her bulk about a 
fiftieth part of the earth's. Her axis is 
almoſt perpendicular to the plane of the 
ecliptic, conſequently ſhe can have no 
diverſity of ſeaſons. 
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PueiL. What is her period ? 

To rox. The time ſhe takes to revolve 
from one point of the heavens to the ſame 
again is called her fideria/ or periodical 
revolution, and is performed in 27 days, 7 
hours, 43 minutes; but the Hynodical re- 
volution, or the time taken up to revolve 
from the ſun to the ſame apparent ſitua- 
tion with reſpect to the ſun again, or 
from change to change, is 29 _ 12 
hours, and 44 minutes. 

Por iL. I do not clearly comprehend 
It. 

Turok. If the earth had no annual 
motion, the period of the moon would be 
uniformly 27 days, 7 hours, 43 minutes; 
but you are to confider, that whilſt the 
moon is revolving round the earth, the 
earth is advancing in its orbit, and of 
courſe ſhe muſt be ſo much longer in com- 
pleting her ſynodical revolution as the 
difference of time between that and her 
ſiderial revolution. This I will make clear 
to you in a few minutes. What is the 
* fituation of the hour-hand and minute- 
hand of a watch at twelve o'clock ? 

G PuPIL, 
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Pop. They will be in conjunction. 
Tu ron. And will they be in conjunc- 
tion at one? 
Prvert. No, Sir. 


Turok. Yet the minute-hand has 
made a complete revolution : but before 
they can be in conjunction again, the 
minute-hand muſt move forward till it 
overtakes the hour-hand. 

PvuePiL. I now underſtand it, and muſt 
beg you to explain to me the different 
phaſes of the moon. 

To ron. Take this ivory ball, and ſuſ- 
pend it by the ſtring with your hand, be- 
tween your eye and the candle. Let the 
candle repreſent the ſun, the ball the 
moon, and your head the earth. In this 
ſituation, as the candle enlightens only one 
half of the ball, the part turned from you 
will be enlightened, and the part turned 
to you will be dark. This will be a re- 
preſentation of the moon at change : and 
as no part of her enlightened hemiſphere 
is turned to the earth, ſhe can reflect no 
light upon it, and conſequently is inviſible 

| to 
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to us. She now riſes and lets nearly with 
the ſun.— Turn yourſelf a little to the 
left, and you will obſerve a ſtreak of light 
like what 15 called the new moon. 

Poet. I ſee it clearly. 

Turok. Move round one quarter. 

Puri. One halt of the fide next me 
is now enlightened. 

To rok. You may conceive it to be 
the moon at firſt quarter. Go on, and 
you will ſee the light increaſe till the ball 
is oppoſite to the candle, when the fide 
next you will be wholly illumined, and 
will give you a juſt idea of the moon at 
full, which now riſes about the time of 
tun-ſetting, being oppoſite to the ſun : 
and, the farther ſhe advances in her orbit 
the later ſhe riſes. . 

Pur IL. It is plain it muſt be ſo. She 
riſes with the fun at change, being then in 
conjunction: and as ſhe revolves in her 
orbit the ſame way as the earth does on 
its axis, the earth will have farther to re- 
volve each day before it can fee the 
moon. At the full ſhe is in oppoſition, 

7 and 
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and of courſe riſes when the ſun ſets : and 
ſo continues to riſe later and later, till the 
change again. : 

Turok. You imagine that the moon 
riſes exactly with the ſun when ſhe is at 
change; and when he ſets, at full. I will 
preſently convince you of your miſtake ; 
and would have you now proceed with 
your ball. Place it again oppoſite to the 
candle, and as you turn round you will 
find the light gradually decreaſe as it be- 
fore increaſed, that the fide that was be- 
fore enlightened is now dark, and the 
dark fide light. When you have gone 
three quarters round, one half of the fide 
next you will be enlightened, and will re- 
ſemble the moon at laſt quarter. As 
you go on the darkened part will increaſe, 
till you arrive at the place you ſet off 
from, where the light is quite obſcured. 


Puy1iit. I have now completed the 
circuit, and am much delighted with it, 
as by this ſimple contrivance I can per- 
ceive the various changes of the moon, 
and that the weſtern fide is enlightened 
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from the change to the full, and the eaſt 
ern ſide from the full to the change. 

Toros. I find then it has fully an- 
ſwered the purpoſe intended. 

Pueit. Indeed it has. But if you 
will give me leave I will uſe the ball 
again. 

Tu rox. By all means. 

Pur iL. I perceive, as I move round, 
that the ſame ſide of the ball is turned 
towards me, whilſt every part is turned to 
the candle. Is it ſo with the moon? 

Tu rox. It is: and as every part of the 
moon is turned to the ſun, ſhe makes one 
revolution on her axis whilſt ſhe makes 
one in her orbit. 

Pur iL. This is very ſingular. If the 
ſame ſide of the moon be always turned 
to the earth, the oppoſite ſide ded 
can never ſee it. 

Toros. And they wink Mesic be 
deprived of the earth as a moon. FAY 

Puri. True. But how is it known 
that the ſame fide of the moon is FRO 


oppoſed to the earth? 
G 3 38 
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Turok. The moon, like our earth, 
conſiſts of mountains and valleys, which, 
when ſeen through a good teleſcope, are 
very beautitul. The mountainous parts 
appear as lucid ſpots and bright ſtreaks 
of light: and as the ſame ſpots, &c. are 
conſtantly turned to the earth, ſhe muſt 
keep the ſame ſide to the earth. 

PuP1L. It is very clear. Are there no 
ſeas ? 

Tv rok. It was formerly imagined that 
the dark parts were ſeas, but later Or- 
vations prove that they are hollow places 
or caverns, which do not refle& the light 
of the ſun. Beſides, if there were ſeas 
there would conſequently be exhalations, 
and if exhalations, clouds and vapours, and 
an atmoſphere to ſupport them. That 
there. are no clouds is evident, becauſe. 
when our atmoſphere is clear, and the 
moon above our horizon in the night- 
time, all her parts appear conſtantly with 
the fame clear, ſerene, and calm aſpect. 

Puerrt. Has the moon then no atmo- 
ſphere ? 

Toros, 


„ 

Tu ron. If ſhe has it is imperceptible 
to us: for, when ſhe approaches any ſtar, 
we cannot diſcover with our beſt tele- 
ſcopes any change of colour or diminu- 
tion of luſtre in the ſtar till the inſtant it 
is loſt behind her: whence it is clear, that 
ſhe can have no fuch groſs medium as our 
atmoſphere to ſurround her. 

Pueit. May we not then doubt whe- 
ther ſhe be inhabited or not, as without 
air we cannot breathe ? 

Turok. The fame Almighty Being 
who created us and gave us air to breathe, 
may have provided a different way for 
their exiſtence. It does not hold good 
that, becauſe we could not live there, ſhe 
is not inhabited. Fiſh will live a conſi- 
derable time in water under an exhauſted 
receiver: and, I have heard of a toad 
being found in a block of marble *. Your 
doubt therefore, I think, ought not to be 
admitted. 

Pueir. I am ſatisfied. And muſt now 

See accounts of this phænomenon in the Monthly 
Magazine, vol. IV. page 76, 166, and 338. 
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beg to be informed how I may obſerve 
the moon's motion. 

Turok. Her real motion round the 
earth, may be eaſily known by remark- 
ing when ſhe is near any particular ſtar. 
Thus, ſuppoſe you fee her weſt, that is to 
the right of it, ſhe will be approaching, 
then in conjunction with, and afterwards 
paſs it towards the eaſt. Her apparent 
motion is that of riſing and ſetting, which 
is occaſioned by the rotation of the earth 
on its axis. 

PupII. I remember not long fince, 
when you ſhewed me Jupiter, that the 
moon was weſt of him: the next evening 
I ſaw her almoſt appear to touch him, 
and ſoon after at a great diſtance from him 
eaſterly. I now ſee that her real motion 
is from weſt by ſouth to eaſt, and her 
apparent motion from eaft by ſouth to 


weſt. 


Tu rok. If you have no objection, I 
will now explain the cauſe of eclipſes. 
PvP1L. So far from it, that it will give 
me the greateſt pleaſure. 
To rox. 
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Tu rox. Take your ivory ball, ſuſpend 
it as before, in a right line between your 
eye and the candle.—Can you fee the 
candle ? 

Pup IL. No, Sir. 

Turok. For what reaſon? 

Pur iL. Becauſe the ball prevents the 
light coming to me. 

Tu rox. This then repreſents an eclipſe 
of the ſun, which can never happen but 
when the moon 1s between the ſun and 
the earth, which muſt be at the change : 
for, as light paſſes in a right line, the ſun 
is hidden to that part of the earth which 
15 under the moon, and therefore he muſt 
be eclipſed. If the whole of the ſun be 
obſcured by the body of the moon, the 
eclipſe is total: if only a part be darken- 
ed, it is a partial eclipſe; and ſo many 
twelfth parts of the ſun's diameter, as the 


moon covers, ſo many digits are ſaid to 
be eclipſed. 


Pur L. May not the word digit be ap- 
plied to the moon as well as the ſun? 

Tu rok. It may: for it means a twelfth 
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part of the diameter of either the ſun or 
the moon. 


Pueit. As you have now ſhewn me 
the cauſe of an eclipſe of the ſun, I am 
anxious to have that of the moon ex- 
plained. 

Tu rox. We muſt again have recourſe 
to your little ball. Turn yourſelf round 
till it is oppoſite to the candle in a line 
with your head, and you will fee that no 
light can be thrown on it from the candle, 
becauſe your head is between them. In 
like manner the rays of the fun are pre- 
vented falling on the moon, by the inter- 
poſition of the earth: ſhe muſt therefore 
be eclipſed. 

PueiL. I ſee it clearly. And as an 
eclipſe of the ſun happens when the moon 
is at change, that of the moon muſt be 
when ſhe is at full; for, it is then only 
the earth's ſhadow can fall on the moon, 
the earth being at no other time between 
the fun and her. 

To rex. The diameter of the ſhadow 
is about three times that of the moon, and 
. COn- 


——ů— 


WE 
conſequently the moon muſt be totally 
eclipſed whilſt ſhe continues m it. On 
the contrary, the ſhadow of the moon at 
an eclipſe of the fun, covers ſo ſmall a 
part of the earth's ſurface, that the fun is 
totally or centrally eclipſed to but a ſmall 


part of it; and its duration is very ſhort. 


But a faint or partial ſhadow ſurrounds 
this darkened ſhade, in which the ſun 45 
more or lets eclipſed, as the place is 
nearer to or farther from its center; this 
partial ſhadow is called the penumbra. I 
have prepared for you a little drawing, 
repreſenting an eclipſe both of the fun 
and moon, which I think will enable you 
better to underſtand what I have been 
explaining. (Plate IV. fig. 1 and 2.) In 
the former, p. p. is the penumbra. 


Puri. In what does a central differ 
from a total eclipſe? 

Tu rok. An eclipſe of the ſun may be 
central, and not total ; for, thoſe who are 
under the point of the dark ſhadow, will 
ſee the edge of the ſun like a fine lumi- 
nous ring, all around the dark body of 
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the moon when the ſun 1s eclipſed at the 
moon's greateſt diſtance from the earth * ; 
but when ſhe is neareſt the earth at an 
eclipſe of the fun, the eclipſe is total. 
When the penumbra firſt teuches the 
earth, the general eclipſe begins ; when it 
leaves the earth, the general cclipſe ends. 
An eclipſe of the moon always begins on 
the moon's eaſtern fide, and goes off on 
her weſtern fide; but an eclipſe of the 
ſun begins on the ſun's weſtern fide, and 
goes off on his eaſtern fide. When the 
moon 1s eclipſed in either of her nodes, 
the eclipſe is both central and total. 


Pur riT. Pray, what is the reaſon we 
have not an eclipſe at every full and 
change of the moon ? 

To rok. For the ſame reaſon that Mer- 
cury and Venus are not ſeen to paſs over 
the ſun's diſk at every inferior conjunc- 
tion. | 


Pur iL. Is the orbit of the moon then 
inclined to the plane of the ecliptic ? 
This is called an annular eclipſe. | An eclipſe of 
the Moon muſt be either total or partial. 
Toros. 
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Toros. It is: and no eclipſe of the 
ſun can happen but when the moon is 
within 17 degrees of either of her nodes: 
neither can there be one of the moon, 
unleſs ſhe be within 12 degrees. At all 
other new moons ſhe paſſeth either above 
or below the ſun, as ſeen from the earth: 
and at all other tull moons above or be- 
low the earth's ſhadow, according as ſhe 
is north or fouth of the ecliptic. You 
now ſee that the moon muſt ſometimes 
riſe before and ſometimes after the ſun 
at change, and before or after he ſets at 
full. 

Pve1r. I do, Sir, and am much obliged 
to you for this pleaſing account of the 
moon, and of eclipſes : and if you have 
any thing farther to obſerve, it will afford 
me additional pleaſure. 


Tvror. You may, at ſome time or 
other, have an opportunity of ſeeing a 
total eclipſe of the moon; it will therefore 
be neceſſary to prepare you for a phæno- 
menon which otherwiſe you might be 
much ſurprized at, and that is, that after 

the 
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the moon is immerſed in the earth's ſha- 
dow, ſhe is ſtill viſible. 

Puri. This is a phenomenon that 1 
am not able to account for; for, the 
moon being an opaque body, ſhe cannot 
ſhine by her own hght *, and the rays of 
the ſun are prevented falling on her by 
the interpoſition of the earth, ſhe cannot 
therefore ſhine by reflection. 

Toros. It is by reflection that we ſee 
her; for the rays of the ſun which fall 
upon our atmoſphere are refrafted or 
bent into the earth's ſhadow, and ſo fall- 
ing upon the moon are reflected back to 
us. If we had no atmoſphere, ſhe would 
be totally dark, and of courſe inviſible 
to us. 

Pvuerir. What is 2 

Turok. It is that of a duſky colour, 
ſomewhat like tarniſhed copper. — I have 
one thing more to remark before we quit 


* Dr. Herſchel ſuppoſes the moon and the reſt of the 
planets may have ſome inherent light: the fide of the 
planet Venus, turned from the ſun, having been ſeen, as 
wa in. hy pnem Faxg „„ IT | 
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this ſubject, which is, that the moon's 
nodes have a retrograde or back ward mo- 
tion, in a direction contrary to the earth's 
annual motion, and go through all the 
ſigns and degrees of the ecliptic in little 
leſs than nineteen years, when there will 
be a regular period of eclipſes, or return 
of the ſame eclipſes for many ages. 


PuP1Li. Pray, Sir, what do you pro- 
poſe for our next ſubject ? 

Turorx. The ebbing and flowing of 
the fea, or cauſe of the tides. 
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DIALOGUE XII. 


To rox. 


I order to explain the cauſe of the 
tides, I have fince I ſaw you laſt pre- 
pared a little drawing for you, (Plate 
IV.“ fig. 3.) where S repreſents the fun, 
M the moon at change, E the center of 
the earth, and AB CD its ſurface, co- 
vered with water. It is obvious, from 
the principles of gravitation, that if the 
earth were at reſt the water in the ocean 
would be truly ſpherical, if its figure were 
not altered by the action of ſome other 
power. But, daily experience proves that 
it is continually agitated. 
Puri. What is the cauſe of this agi- 
tation ? 
Tv rox. The attraction of the fun and 
moon, particularly the latter: for, as ſhe 
e137 
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is ſo much nearer the earth than the ſun, 
ſhe attracts with a much greater force 
than he does, and conſequently raiſes the 
water much higher, which, being a fluid, 
loſes as it were its gravitating power, and 
yields to their ſuperior force. 


Puri. What proportion does the at- 
tractive power of the ſun bear to that of 
the moon ? 

Turok. As three to ten. So when 
the moon 1s at change, the ſun and moon 
being in conjunction, or on the ſame fide 
of the earth, the action of both bodies 
is on the ſurface of the water, the moon 
raiſing it ten parts “, and the ſun three, 
the ſum of which is thirteen parts, repre- 
ſented by B 5. Now it is evident, that 
if thirteen parts be added by the attrac- 
tive power of thoſe bodies, the ſame 
number of parts muſt be drawn off from 
ſome other part, as Aa, Cc. It wil 
now be high-water under the moon at 


b, and its oppoſite fide d, and low-water 
at a and c. 


By part here I do not mean any ſpecific meaſure. 
Puri“. 
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Pvt. That the attraction of the fun 
and moon muſt occaſion a ſwelling of the 
waters on the ſide next them, I can rea- 
dily conceive, and that this ſwell muſt 
cauſe a falling off at the ſides: but that 
the tude ſhould riſe as high on the fide 
oppolite to the ſun and moon, in a di- 
rection contrary to their attraction, is 

what I am not able to account for. 
Turok. This difficulty will be re- 
moved when you confider that all bodies 
moving in cycles have a conſtant ten- 
dency to fly off from their centers. Now, 
as the earth and moon move round their 
center of gravity, that part of the earth 
which is at any time oppoſite to the 
moon will have a greater centrifugal 
force than the ſide next her, and at the 
earth's center the centrifugal force ex- 
actly balances the attractive force: there- 
fore, as much water is thrown off by 
the centrifugal force on the fide oppo- 
fite to the moon, as is raiſed on the fide 
next her by her attraction. Hence, it is 
plain, that at D, fig. 3, the centrifugal 
| force 
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force muſt be greater than at the center 
E, and at E than B, becauſe the part D 
is farther from the center of motion than 
the part B. On the contrary, the part B 
being nearer the moon than the center 
E, the attracting power muſt there be 
ſtrongeſt, and weakeſt at D. And, as 
the two oppoſing powers balance each 
other at the earth's center, the tides will 
riſe as high on that ſide from the moon, 
by the exceſs of the centrifugal force, as 
they 7:2 oa the fide next her by the ex- 
ceſs of her at traction. 


Puri. In this explanation you have 
mentioned nothing of the ſun. 

TuroR. From what I have already 
faid it muſt be plain to you that i there 
were no moon the fun by his attraction 
would raiſe a ſmall tide on the fide next 
him ; and, it 1s as evident that the tides 
oppoſito would be raiſed as high by the 
centrifugal force : for the fun and earth, 
as well as the earth and moon, move 
round thew center of gravity. This 
may be exemplified by an eaſy experi- 

ment. 
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ment. Take a flexible hoop, ſuppoſe of 
thin braſs, tie a ſtring to it and whirl it 
round your head, and it will affume an 
elliptical ſhape ; the tightneſs of the ſtring 
drawing out the fide next to your hand, 
and the centrifugal force throwing off the 
other. 


Pur. This I clearly comprehend. 


Toro. I fhall now refer you to the 
next figure, (fig. 4.) where F repreſents 
the moon at full: the ſun and moon are 
in oppoſition, and yet the tide is as high 
on each fide as in the former caſe. I wiſh 
you to ſhew me the cauſe. 

Puri. I will uſe my endeavour to do 
it, Sir. 

Turok. Then I doubt not you will 
accompliſh it. 

Pop iI. When the moon is at full, ten 
parts of water are raiſed from that fide 
of the earth next her, by her attraction; 
and, as the fide which 1s next her is op- 
poſite to the ſun, three parts muſt be 
thrown off by his centrifugal force, the 
ſum of which will be thirteen parts next 

the 
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the moon. From the fide oppoſite to 
the moon, and under the ſun, ten parts 
are thrown off by her centrifugal force, 
and three raiſed by his attraction, mak- 
ing thirteen, the fame as before. 

Turok. I could not have done it bet- 
ter. Theſe are called Spring Tides. But 
when the moon is in her quarters, the 
action of the fun and moon are in oppo- 
fition to each other; that is, they act in 
contrary directions. (fee fig. 5.) The 
moon of herſelf would raite the water ten 
parts under her, and throw off ten parts 
by her centrifugal force on the oppoſite 
fide ; but, the ſun being then in a line 
with the low-water, his action keeps the 
tides from falling fo low there, and con- 
ſequently from riſing ſo high under and 
oppoſite to her. His power, therefore, 
on the low-water being three parts, leaves 
only ſeven parts for the high-water, under 


and oppoſite the moon. Theſe are called 
Neap Tides. 
PuP1L. This is very plain. 
To rox. You would naturally ſuppoſe 
that 
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that the tides ought to be higheſt directly 
under and oppoſite to the moon: that is, 
when the moon is due north and ſouth. 
But we find, that in open ſeas, where the 
water flows freely, the moon 1s generally 
paſt the north and fouth meridian when 
it is high-water. For, if the moon's at- 
traction were to ceaſe when ſhe was paſt 
the meridian, the motion of aſcent com- 
municated to the water before that time 
would make it continue to riſe for ſome 
time after: as the heat of the day is 
greater at three o'clock in the atternoon 
than it is at twelve; and it is hotter in 
July and Auguſt than in June, when the 
tun is higheſt and the days are longeſt. 

Puri. Theſe are convincing reafons. 
And, pray what time after the moon has 
paſſed the meridian, is it high-water ? 

Tv rok. If the earth were entirely co- 
vered with water, fo that the tides might 
regularly follow the moon, ſhe would 
always be three hours paſt the meridian 
of any given place when the tide was at 


the higheſt at that place. But, as the 
4 earth 
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earth is not covered with water, the tides 
do not always anſwer to the ſame diſ- 
tance of the moon from the meridian at 
the ſame places, becauſe the regular courſe 
of the tides is much interrupted by the 
different capes and corners of the land 
running out into the oceans and ſeas in 
different directions, and allo by their 
runnirs throne? thoals and channels. 
But, at whatever d ſtance the moon is 
from the meridian on any given day, at 
any place, when ti tide is at its height 
there, it wiil be ſo again the next day, 
much abont the time when the moon 
is at the like diftance from the meridian 
again. 
Portr. Are not the tides later every 
day than they were the preceding day ? 
Toror. Yes; and the reaſon is ob- 
vious : for, whillt the carth 1s revolving 
on its axis in twenty-four hours, the 
moon will be advancing in her orbit; 
therefore the earth muſt turn as much 
more than round its axis before the ſame 
place 
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place which was under her can come to 
the ſame place again with reſpect to her, 
as ſhe has advanced in her orbit during 
that interval of time, which is 530 mi- 
nutes. This being divided by 4, gives 
124 minutes; ſo that it will be 6 hours 
124 minutes from high to low-water, and 
the ſame time from low to high-water : 
or 12 hours 25 minutes from high-water 
to high-water again. 


Pvueit. This I underſtand perfectly 


well. 


Turok. I have now finiſhed my de- 
ſcription of the tides, and having a little 
time to ſpare, if you wiſh to know how 
to find the proportionate magnitude of 
the planets with that of the earth, and to 
calculate their diſtances from the fun, 1 
will employ 1t that way. 

Pvueir. At our, firft conference I re- 
member you ſhewed me the proportion 
that the other planets bear to the earth, 
with their periods and diſtances from the 
ſun ; but to have it in my power to make 

the 
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the calculations myſelf, will certainly give 
me great pleaſure. 

Tutor. To find what proportion any 
planet bears to the earth; or, that one 
globe bears to another, you muſt obſerve 
that, a/l ſpheres or globes are in proportion 
to one another as the cubes of their diame- 
ters. So that you have nothing more to 
do than to cube the diameter of each, and 
divide the greateſt by the leaſt number, 
and the quotient will ſhew you the pro- 
portion that one bears to the other. 


Pueit. The operation appears very 
ſimple; but, as I do not know what a 
cube number is, I cannot perform it. 

Turok. You cannot forget what a 
{quare number 1s. 


Portr. The product of any number 
multiplied into itſelf is a ſquare number, 
as 4 15 the {quare of 2. 

Turok. Any ſquare number multi- 
plied by its root, or firſt power, will be a 
cube number. Thus 4 multiplied by 2 
will be 8, which is the cube of 2; 9 is the 

H {quare 
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ſquare or ſecond power, and 27 the cube 
or third power of 3, &c. This you will 
perhaps better underſtand by 


A TABLE OF 


AR _-2-3- $6.45 „ 6. . 8. 8 
Squares. 1. 4. 9.16. 25. 36. 49. 64. 81. 
Cubes. 1.8. 27. 64. 125. 216.343.512.729. 


PueiL. I do, Sir; and am now pre- 
pared for an example. 


Turok. The diameter of the ſun is 
893552 miles, of the earth 7920 miles; 
how much does the fun exceed the earth 
in magnitude ? 

Toros. The cube of 893 522, the ſun's 
diameter, is 71337 1492260872648; and 
of 7920, the earth's, 496793088000, 
And 713371492260872648 divided by 
4965793088000 is equal to 1435952, and 
ſo many times is the bulk of the ſun 
greater than that of the earth. 


Tv rox. This one example may ſuffice, 
as I intend by and by to give you a table 


of diameters, &c.; you may then calculate 


the reſt at your leiſure. 
| | Puri. 


AQ ws 
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Pyrit. I ſhall now, Sir, be glad to 
have the other explained. 

Tu rox. The periods of the planets, 
or the times they take to complete their 
revolutions in their orbits, are exactly 
known ; and the mean diftance of the 
earth from the ſun has been allo aſcer- 
tained. Here, then, we have the periods 
of all, and the mean diftance of one, to 
find the diſtances of the reſt ; which may 
be found by attending to the following 
proportion : | 

As the ſquare of the period 
of any one planet, 

Is to the cube of its mean diſtance 
from the ſun ; 

So 15 the ſquare of the period 
of any other planet, 

To the cube of its mean diſtance. 

The cube root of this quotient will be 
the diſtance fought. 


Puri. Here again I find myſelf at a 
loſs, as I have not learnt to extract the 
cube root. | 


H 2 TuToOR, 
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Turok. I will give you * Doctor 
Turner's rule, which I think will an{ver 
your purpoſe. 

« Firſt, having ſet down the given 
number, or reſolvend, make a dot over 
the unit figure, and ſo on over every third 
figure (towards the leit hand in whole 
numbers, but towards the right hand in 
decimals); and ſo many dots as there are, 


ſo many figures will be in the root. 
Next, feek the neareſt cube to the firſt 


period ; place its root in the quotient, and 


its cube ſet under the firſt period. Sub- 
tract it therefrom ; and to the remainder 
bring down one figure only of the next 
period, which will be a dividend. 

Then, ſquare the figure put in the quo- 
tient, and multiply it by 3, for a divitor. 
Seek how often this divitor may be had 
in the dividend, and ſet the figure in the 
quotient, which will be the ſecond place 
in the root. 

Now, cube the figures in the root, and 
ſubtract it from the two firft periods of 
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the refolvend ; and to the remainder 
bring down the firſt figure of the next 
period, for a new dividend. Square the 
figures in the quoticat, and multiply it 
by 3, for a new divitor; then proceed in 
all reſpects as before, till the whole is 
finithed.” 

The following example will, I truſt, 


make 1t clear to you. C 


EXAMPLE. 


It is required to find the cube root of 
15625. 


200000 


Point every third figure, and the firſt 
period will be 15; the neareſt cube to 
which, in the table I gave you juſt now, 
you will find to be 8, and its root 2 ; the 
8 you mult place under the 15, and the 2 

in 
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in the quotient : take 8 from 15 and 7 
will remain, to which bring down 6, the 
firſt figure of the next period, and-you 
have 76 for a dividend. The figure put 
in the quotient is 2, the ſquare of which 
is 4, which multiplied by 3 is 12, for a 
diviſor. Now 12 in 76 will be 5 times; 
cube 2 5, and you will have 15625, which 
ſubtract from the reſolvend, and nothing 
will remain; which ſhews that the reſol- 
vend is a cube number, and 25 its root. 


Pvyrt. You fay 12 in 76 is 5 times; 
I ſhould have ſaid 6 times. 

To rok. In common divifion it would 
be ſo; but as the cube of 26 would be 
greater than the reſolvend from which 
you are to ſubtract it, it can go but 5 
times. 


Pup. Now, Sir, I think I have a 
ſufficient knowledge of the rule to ſolve 
a problem. 

Turok. The earth's period is 365 
days, and its mean diſtance from the ſun 
95 millions of miles; the period of Mer- 

| cury 


. 
cury is 88 days — what is his mean diſ- 
tance ? 
Pvueir. As the diſtance of the earth is 


given, I muſt make the ſquare of 365 the 
firſt term, the cube of 95 the ſecond, and 


the ſquare of 88 the third term of the 
proportion. 
Turok. Certainly.—Take your late, 


or a piece of paper, prepare your num- 
bers, and make your proportion. 


Pvueir. I find the ſquare of 365= 
133225; of 88=7744; and the cube of 
95=857375- 

Then 133225 : 857375 : : 7744 

to a fourth term. 

I now multiply the ſecond and third 
terms together, and divide the product 
by the firſt, the quotient 49830 is the 
cube of the mean diſtance of Mercury 


from the ſun in millions of miles, and the 
fourth term ſought. 


To rok. So far you are right. Now ̃—ͥ 


extract the root. 
49836 (36 
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49836 (36 3 36 
27 ll 36 
27) 228 Sq. of 3 2 9 216 
46656 Mul. by 3 108 
3180 Diviſor 27 ck 
=== = 36 
7776 
3888 


Cube of 36 = 46656 
g 8 — — 

Puri. The root 1 find to be 36, 
which is the mean diſtance of Mercury 
from the fun, in millions of miles. 

"Tutor. You now fee, that although 
27 in 228 will go 8 times, yet here it will 
go but 6 times; and, as there 1s a re- 
mainder, it ſhews you that the reſolvend 
is not a cube number. 

Pur iL. I ſee it clearly. 

Tu rox. You now ſeem perfect in the 
rule; I ſhall therefore not trouble you with 
any more examples, but ſhall give you 
the table I promiſed you. 

9 . . TABLE. 
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Names Diameters, Magnitude, 
of the in compared with 
| PrLanzTs. {| Engliſh Miles. the Earth, 
Sun - - | * 893522 | 1435952 
Mercury - 3261 y 
Venus 7699 2 
Earth - - 7920 I 
Moon - - be IF 
Mars 631 - 
Jupiter - | 90255 1479 
Saturn 80012 1031 
Georgian 34217 80 
| 


The Diameters were taken from Adams's : 
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Magnitude, Periods, Mean Diſtance 
mpared with in from the Sun, 
the Earth, Years and Days. in Vl. of Miles. 
1435954 os "my 

Tr o — 88 36 
2 o — 224 | 68 

I 1 or 365 | 95 
FF 85 3 "_ 

3 1 and 322 | 144 
% 8am a 
1031 29 — 167 906 

83 — 121 | 1812 


— 


— 


from Adams's Lectures, Vol. IV. p. 39- 


_ 
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Puri. I ſhall take the firſt opportu- 
nity of calculating the reſt, in which Iam 
certain I ſhall have great ſatisfact ion. 


Tou rox. I have now conducted you 
through the elementary parts of aſtro- 
nomy, have given you a general view of 
the ſyſtem of the world, and prepared 
you to purſue the ſtudy with profit and 
pleaſure.—In your future reſearches, the 
more accurate you are, the more you will 
diſcover of regularity, ſymmetry, and 
order in the conſtitution of the frame 
of nature. 


Hail, Sov'reign Goodneſs ! all- productive Mind F 

&« On all thy works thyſelf inſcrib'd we find; 

% How various all, how variouſly endow'd, 

„% How great their number, and each part how good ! 
Ho perfect then muſt the Great Parent ſhine, } 


„%% Who, with one act of energy divine, 


« Laid the vaſt plan, and finiſh'd the deſign l 
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